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MINUTES MEETINGS. 


THE SOCIETY. 


January 3d, 1900.—The meeting was called order 8.30 
Vice-President Edward North the Charles Warren Hunt, 
and present, also, members and guests. 

The minutes the meetings December 6th and 20th, 1899, were 
approved printed Proceedings for December, 1899. 

paper Allen Hazen, Assoc. Am. Soc. E., entitled, The 
Albany Water Filtration Plant,” was presented the author and 
illustrated with stereopticon views. The paper was discussed 
Messrs. George Bailey, William Fuller, Maignen, George 
Hill, O’Rourke, Rudolph Hering, Miller, William 
Mason and the author. The Secretary read discussions the subject 
Messrs. Fowler and George Fuller. 
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MINUTES MEETINGS. [Society 


Ballots were canvassed, and the following candidates declared 


elected: 


Bacon, St. Augustine, Fla. 
Justo Guantanamo, Cuba. 
Hovey, Athens, Pa. 
Gerry New York City. 


MEMBERS. 
FREDERICK ALLEN, New York City. 
Frank Stamford, Conn. 
Frank Grant Brooklyn, 
Pittsburg, Pa. 
New York City. 
Ernst Jonson, New York City. 
Bicerr Pittsburg, Pa. 
Sax, Philadelphia, Pa. 
CHARLES ScHRAGE New Rochelle, 


Announcement was made that the following candidates were elected 
the Board Direction, January 2d, 1900: 


JUNIORS. 
New York City. 
JEROME WILHELM, Grand Rapids, Mich. 
Moses Nashville, Tenn. 


The Secretary announced that the meeting the Board Direc- 
tion, January 2d, 1900, the ballot the reconsideration 
KNICKERBACKER was canvassed, and that Mr. Knickerbacker was de- 
clared elected Member the Society. 


The Secretary read the programme for the Forty-seventh Annual 


Meeting. 


Adjourned. 
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ANNUAL 


January 17th, 1900.—The meeting was called order 
President Desmond FitzGerald the chair; Charles Warren Hunt, 
Secretary; and present, also, 295 members and guests. 

Messrs. McC. Leutzé and Rood were appointed tellers 
canvass the ballots for officers for the ensuing year. 

motion, the reading the minutes the meeting January 
3d, 1900, was dispensed with. 

The Annual Reportt the Board Direction for the year ending 
December 31st, 1899, and the Annual Reports the Treasurer and the 
Secretary were presented, and, motion, duly seconded, accepted. 

The Secretary read the report the Committee the 
Award Prizes, and reported that the action the Board 
Direction regard thereto was follows: 

That the Collingwood Prize awarded Julius Kahn, Jun. Am. 
Soc. E., for Paper No. 846, entitled Coal Hoists the 
Calumet and Hecla Mining thatthe Thomas Fitch Rowland 
Prize awarded Buck, Am. Soc. E., for Paper No. 836, 
entitled The Niagara Railway Arch,” and that the Norman Medal 
awarded Herbert Stone, Am. Soc. E., for Paper No. 850, 
entitled ‘‘The Determination the Safe Working Stress for Railway 
Bridges Wrought Iron and Steel.” 

The Secretary presented the report the Board Direction 
relation the expenses the Nominating Com mittee, and, 
this subject, read letter from Ockerson, Am. Soc. E., 
and proposed amendment the Constitution, signed five 
Corporate Members. 

The proposed amendments were discussed, informally. 

The Secretary presented report committee, appointed the 
Board Direction, report the acoustics the Auditorium. 

relation this subject, Rudolph Hering, Am: E., 
Chairman the Committee, addressed the meeting, and the President 
stated that the Board had already taken action regard carrying 
out the recommendations the committee. 

The Secretary presented report? from Sandford Fleming, Am. 
Soc. E., Chairman the Committee Standard Time. 

After discussion the following resolution was offered Mendes 
Cohen, Past-President Am. Soc. E.: 


Resolved: That the Final Report the Committee Standard 
full the Forty-seventh Annual Meeting will published the 
February number Proceedings. 


+See pages for the Annual Reports the Board Direction, the Treasurer 
and the Secretary. 


This report, and the proposed amendments, will printed full the February 
number Proceedings. 


This report will printed full the February number Proceedings. 
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MINUTES MEETINGS. [Society 


Time accepted, and that the thanks the Society conveyed 
Mr. Fleming and the members the Committee for their long- 
continued service.” 

The resolution was adopted. 

George Swain, Am. E., Chairman the Committee 
the Proper Manipulation Tests Cement, presented the report 
that committee.* 

motion Edward North, Vice-President, Am. Soc. E., 
was ordered that the report accepted and placed file, and that 
the Committee continued. 

The Secretary read letter from Mr. Louis Risse, Chief Engi- 
neer the Board Public Improvements the City New York, 
inviting the members the Society inspect large topographical 
map the City New York, prepared the Topographical Bureau 
the Board Public Improvements, for the International Exhibition 
Paris. 

McC. Parker, Am. Soc. E., presented invitation the 
members the Society inspect the working rubber belt con- 
veyor now being used handling material which being excavated 
from large foundation 38th St. and First Ave., New York City. 

The Secretary made announcements reference the Annual Con- 
vention 1900, and Elmer Corthell, Am. Soc. E., addressed 
the Society that subject and the Engineering and Navigation 
Congresses held Paris during the Exposition. 

The Secretary presented the the Tellers appointed 
count the votes for officers for the ensuing year. 

The President announced that the following officers were elected 


for the year 1900: 
President, serve one year: 


serve two years: 


New York City. 
ALFRED Chicago, 


Treasurer, serve one year: 


Knap, New York City. 


This report will printed the February number Proceedings. 


account the necessity for going press early hour this report and the 
several others presented, could not printed this number Proceedings. They, 
with the minutes the meeting full, will printed the February 

roceedings. 
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Directors, serve three years: 

District No. 1.—Joun New York City. 


District No. New York City. 
District No. Pittsburg, Pa. 
District No. Ramsey, Jr., St. Louis, Mo. 
District No. New Orleans, La. 
District No. Houston, Tex. 


Mr. Wallace, President for 1900, was introduced the Society 
Mr. FitzGerald and took the chair. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


January 2d, 1900.—Vice-President North the chair; Chas. 
Warren Hunt, Secretary; and present, also, Messrs. Bensel, Buchholz, 
Haines, Hering, Owen, Ricketts, Schneider, Thomson, Turner and 
Whinery. 
Action was taken regard members arrears for dues. 

The Report the Board Direction the Society for the year 
1899 was adopted. 

Ballots were canvassed and THomas Am. Soc. 
E., and MELVILLE were declared elected Honorary 
Members the Society, the election date from the receipt the 
last ballot, December 20th, 1899. 

Ballots were canvassed the reconsideration the ballot the 
John Knickerbacker, and Mr. Knickerbacker was declared 
elected Member the Society. 

following resignations were accepted, taking effect December 
1899: Charles Jarvis Bates, Am. Soc. E.; Richard Despard 
Dodge, Am. Soc. Richard Morley Harison, Am. 
Arthur Hillman Scott, Am. E.; Thomas Osborn Horton, 
Jun. Am. Soe. E.; Henry Hollister Robinson, Jun. Am. Soc. 
Applications were considered and other routine business transacted. 
Five candidates for Junior were elected. 

The meeting adjourned, subject the call the Chair. 
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ANNOUNCEMENTS. [Society 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


MEETINGS. 


Wednesday, February 7th, 1900, 8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper William Landreth, Am. Soc. E., entitled 
Improvement Portion the Jordan Level the Erie Canal,” will 


presented. This paper printed the Proceedings for December, 
1899. 


Wednesday, February 21st, 1900, 8.30 M., regular meeting 
will held, which paper Charles Gowen, Am. Soe. 
E., entitled The Foundations the New Croton Dam,” will pre- 
sented. This paper printed this number Proceedings. 
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Affairs. ANNUAL REPORTS. 


ANNUAL REPORT THE BOARD DIRECTION FOR THE 
YEAR ENDING DECEMBER 1899. 


PRESENTED THE ANNUAL MEETING, JANUARY 1900. 


The Board Direction, compliance with the Constitution the 
Society, presents its report for the year ending December 31st, 1899. 
MEMBERSHIP. 


The changes membership are shown the following table: 


— | 
| | | 
| 
Members. Associate Members and Juniors. Juniors. 


will seen the table that the net increase during the year 
was 103. 


The total number applications received during the year was 
259. 


Action the Board has been taken follows: 


Passed ballot Associate Members....... 
Elected Associates..... 


Elected 


Applications now awaiting action..... 
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ANNUAL REPORTS. [Society 


The losses death during the year number 24. They are 
follows: 


Three Honorary Members: Julius Walker Adams, George Sears 
Greene, Horatio Gouverneur Wright. 

Seventeen Members: Winthrop Bartlett, Jacob Blickensderfer, 
Charles Irwin Brown, Allan Carpenter, James Duane, Robert 
Gillham, Horace Harding, Alfred Ephraim Hunt, Archibald Johnson, 
Samuel Killebrew, John Charles O’Melveny, Francis Rinecker, Robert 
Delos Rowe, Karl Charles Herbert Swan, Frederic Candee 
Weir, Arthur Sheppard Campbell 

Two Associate Members: William Roberts Michie, Albert Howell 
Porter. 

One Associate: Herbert Steward. 

One Fellow: Charles Carroll Gilman. 


The following sums have been expended during the year: 


The additions the from all sources during the year 
were 


Maps, Photographs, 


The total attendance registered the Reading Room during the 
year was 761. 

its last report the Board referred the work reclassifying 
and indexing the Library being well under way. now has the 
pleasure report that this work almost finished. The Library has 
been divided into general classes, each which subdivided neces- 
sity, each case, seemed require, the governing idea being 
arrange the books, and group the cards, enable one unac- 
customed the technicalities library work investigate general 


. 
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subject pursue specific inquiry with the least possible loss time, 
and personal use the index. 
The General Classes are follows, the number titles indexed 


under each being indicated figures. The work has not been 
finished classes marked thus.* 


Railroads, Street Mining 

Water-ways Roads and Pavements 

Water Supply *Municipal 

Sanitation 
Geography 
*Engineering Hand Books. 
*Society Publications 
*Periodicals 


The total number titles classified date 623, representing 
055 volumes, pamphlets, maps, photographs and specifications, 
which have been accessioned, catalogued, labeled and arranged the 
shelves. 

The estimated number titles awaiting classification 500. 

The plan indexing provides also for cross-references between 
classes, for separate and for Subject cata- 
logue. 

Under the latter are brought together for ready reference analytical 
details, the discovery which would otherwise require much search 
the books themselves. 

The total number cards written date 057. 

The Board has already had under consideration the advisability 
publishing, soon the index complete, catalogue the library 
for distribution the membership, and believed that the finan- 
cial status the Society will warrant this being done, and that when 
accomplished the result the expenditure time and money 
the Library during the past two years, which cannot have been 
apparent members, will satisfactory them, and particularly 
those who are non-resident, and have had heretofore means 
knowing either the number character the books upon our 
shelves. 

April, 1899, arrangements were made with some prominent pub- 
lishers engineering books, contribute the works issued them 
promptly the Library, and since that date, under the heading New 
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ANNUAL REPORTS. [Society 


Books the Month,” brief book notices have been published 
Proceedings. The net result this has been the receipt bound 
volumes, representing value $194.50, which otherwise would 
have been necessary purchase, and some which would probably 
never have been received. The publication these notices, moreover, 


believed, considerable advantage and convenience engi- 
neers. 


PUBLICATIONS. 


its March meeting, the Board decided publish Proceed- 
ings, well Transactions, all discussion papers presented, the 
objects being secure cross-discussion and bring the current 
topics promptly before all members. The interest which this system 
has provoked may seen clearly the character and number com- 
munications, published since that time, the various subjects under 
discussion, and now evident from the results that the Proceedings 
have current value which was heretofore lacking. 

the March Number Proceedings there was begun, experi- 
mental way, Monthly List Recent Engineering Articles In- 
which has been continued each subsequent issue. This list 
has grown rapidly. the March Number references were given 
articles from publications, the list being unclassified; the 
April Number the list covered publications, and became neces- 
sary classify the entries; and the December Number the list 
periodicals referred was 63, and 305 articles were listed. The total 
number titles articles classified and printed eight Numbers 
Proceedings has been 229. 


The following tables give detail summary the publications 
issued during the year. 


Total edition 
Number each Number 
issued. Number. Pages. Plates. 


Constitution and List 
700 205 


Average 
Advertisements ......... 150 


Includes Indexes and Tables Contents. 


4 
Cuts. 
166 
204 


Affairs. ANNUAL REPORTS. 


The cost publications has been 


For Paper, Printing, Binding, Transactions and Pro- 


For Boxes, Mailing Lists, Copyright and sundry expenses. 
For 800 extra copies Papers and Memoirs........... 534.10 

For time officers and clerks charged publications. 


Deduct amount received for advertisements... 
Deduct amount received for sale publica- 


675.70 
Net cost publications for 1898 (see Report Board 


There have been meetings held during the year, follows: 
the Annual Meeting, the Annual Convention, regular semi- 
monthly meetings, 18; special meeting, Junior meetings, 

these meetings formal papers were presented, illustrated 
lectures were given, and topics were informally discussed. 

The attendance the Forty-sixth Annual Meeting was 316 members 
and many guests, and the Thirty-first Annual Convention, held 
Cape May, J., the total attendance was 635, the largest meeting 
the history the Society. 


MEDALS AND PRIZES. 


The Norman Medal, for the year ending with the month July, 
1898, was awarded Thomas, Am. Soe. E., for his paper 
Movable Dams.” 

The Thomas Fitch Rowland Prize, for the year ending with the 
month July, 1898, was awarded Henry Goldmark, Am. 
E., for his paper, entitled The Power Plant, Pipe Line and Dam 
the Pioneer Electric Power Company Ogden, 


award The Collingwood Prize for Juniors was made. 
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ANNUAL REPORTS. [Society 


The reports the Secretary and the Treasurer, appended 
this report, give detail the receipts and expenditures for the year, 
and the balances hand the beginning and end the year. 
They show that the financial affairs the Society are satis- 
factory condition. 

From the hand the Board has decided make pay- 
ment $10000 the debt incurred for the New House the 
Society, thus reducing that debt The Board considers 
desirable pay off this debt rapidly possible without any 
way restricting expenditures necessary maintain and promote the 
usefulness the Society, and that end has adopted resolu- 
tion recommending that future annual payment made upon 
the debt, the amount which payment, any one year, shall 
not less than the sum received for entrance fees that year. 
this recommendation followed, will practically result setting 
apart the entrance fees new members fund applied the 
extinguishment this debt, leaving the income from annual dues 
applied the payment current expenses and enlarging the 
work the Society such ways experience may develop. 

Judging from results during recent years, the amount received 
from entrance fees not likely fall below 500, and will probably 
average least per year. Assuming that the debt may 
reduced the payment the sum annually, the whole 
principal the debt will extinguished twenty years. 

The Board had hoped able present with this report bal- 
ance sheet accurately the condition the finances the 
Society and its several accounts, but its preparation has been delayed 
pending proper valuation some the assets the Society. 
believed that before the next annual report such balance sheet will 
ready for presentation the Society. 


order the Board Direction. 
CHAS. WARREN HUNT, 


Secretary. 
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Affairs. ANNUAL REPORTS. 


REPORT THE TREASURER. 


compliance with the provision the Constitution, the Treas- 


urer presents the following report for the year ending December 31st, 
1899: 


Balance hand December 31st, 1898......... 699.91 
Receipts from current sources, January Ist De- 

Received from subscriptions New Society House 225.00 
Received from sale Historical Sketch........... 80.00 


Payment audited vouchers for cur- 

rent business, January De- 

cember $41 491.77 
Balance hand December 1899: 

Union Trust Com- 


252.63 
Garfield National 

490.73 
hands the Treas- 


$55 220.13 


Respectfully submitted, 


JOHN THOMSON, 
Treasurer, Am. Soc. 


New January 8th, 1900. 
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REPORT THE SECRETARY FOR THE 


have the honor present balance sheet Re- 
December 31st, 1899, which appended table showing the com- 
during the year, and its distribution the several accounts. 

New January 8th, 1900. 


Balance hand December 31st, 1898, Bank 
and Trust Company and the hands 


699.91 
Certificates 188.00 
New Society House (Subscriptions)............. 225.00 
Sale Historical 80.00 


$55 220.13 
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ANNUAL REPORTS. 
YEAR ENDING DECEMBER 1899. 


ceipts and Disbursements for the fiscal year the Society, ending 
pensation paid persons who have been the service the Society 


Respectfully submitted, 
CHAS. WARREN HUNT, 


Secretary. 
General Printing and 468.78 
Commission 256.45 
686.99 
House 273.52 
Certificates 
Convention and Annual Meeting................ 
Insurance—Safe 6.00 


Norman Medal, Rowland and Collingwood Prizes 156.82 


Repairs and Betterments 78.20 
Balance hand December 31, 
Garfield National Bank................ 252.63 
Union Trust Company 490.73 


491.77 


728.36 


$55 220.13 
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ANNUAL REPORTS. [Society 


TABLE SHOWING THE COMPENSATION Have 
THE SERVICE THE THE YEAR, AND Its 


TRIBUTION THE SEVERAL Accounts ACCOMPANYING REPORT 
THE SECRETARY: 


Finance 


tions. Ac- Library. tor. 


Chas. Warren Hunt, 
876.93 
omson, 

tary 
Mullen, 

Huckell, 
Frick, Asst. Libra- 


Waldele, Office 
Louis Gloor, Hall Boy 
Percy Harrold, Hall Boy 
Simmons, Cleaner 
*John Barney, 
Asst.. 
*Chas. Mayer, Office Boy. 
*Arthur Wink, Office Boy. 
*Joseph Michelsen, Cleaner. 


Steinbrenner, 
ary Asst. Library 

Kingsbury, Tempor- 
ary Asst. Library 

Parker, Temporary 
Asst. Library 

Temporary 

Typewriter 

Jacobsen, Temporary 
Asst. Library 

*M. Williams, 
Asst. Library 

*E. Cocroft, Typewriter.... 


Otto Claussner, Temporary 
Asst 

Clarke, Temporary 
Office Asst, 

Hartt, Temporary Office 


Not present employ Society. 
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CURRENT TECHNICAL 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(December 11th, 1899, January 9th, 1900.) 
This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Journal, Assoc. Eng. 257 South 
Fourth St., Philadelphia, Pa., 30c. 
(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
phia, Pa.. 
(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago. 
(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 
(6) School Mines Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 
(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 
(9) Engineering Magazine, New York 
ity, 30c. 
(10) Magazine, New York City, 
New York City, 
(12) The Engineer (London), International 
News Co., New York City, 35c. 
(13) News, New York City, 
(14) The Engineering Record, New York 


ity, 12c 

(15) Gazette, New York City, 

(16) Engineering and Mining Journal, 
New York 15c. 

(17) Street Journal, New York 

ity, 35c. 

(18) Railway and Engineering Review, 
Chicago, 

(19) Scientific American Supplement, New 
York City, 

(20) Iron Age, York City, 

(21) Railway Engineer, London, Eng- 
land. 

(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Gaslight Journal, New 
York City. 

(25) Engineer, New York City, 


(26) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 
(28) and Iron, London, Eng- 

(29) Journal, Society Arts, London, 
England. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York City, 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor. 75c. 

(45) and Minerals, Scranton, Pa. 


(46) Scientific American, New York City, 
1 


(47) Mechanical Engineer, Manchester, 
England. 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) Zeitschrift fir Bauwesen, Berlin, Ger- 
many. 

(50) Stahl und Eisen, Duesseldorf, Ger- 


any. 
(51) Deutsche Bauzeitung, Berlin, Ger 


many. 

(52) Rigasche Industrie-Zeitung, Riga, 
Russia. 

(53) Zeitschrift des oesterreichischen In- 
genieur und Architekten Vereines, 
Vienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Teknisk Tidskrift. Stockholm, Swe- 


den. 
(58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 
(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 
upon-Tyne. 
(60) Bridges and Framed Structures, 358 
Dearborn St., Chicago, 30c. 
(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 25c. 
(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. 
London, 


: 
5 


CURRENT TECHNICAL LITERATURE. [Society 


LIST ARTICLES. 
Bridge. 
Electric Drawbridge Boston. W.S. Key. (27) Dec. 23. 
Elevated Railway Drawbridge Boston. (17) Jan. 
Long Span Bridges. William Burr, Am. (2) Dec., 1899. 
The Atbara River Bridge. Richard Khuen, Jr., Am. Soc. (2) 1899. 
Old Chain Suspension Bridge. Malverd Howe, Am. (14) Jan. 
The Victoria Bridge Over the Dee Queensferry. (63) Part iv. 
Illinois Central Bridge Dubuque. (40) Dec. 15. 
The New East River Bridge. (15) Dec. 15. 
Railway Bridges. (12) Dec. 22. 
New French Bridges. Frahm. (50) Serial beginning Dec. ending Dec. 15. 
Short-Span Railroad Bridges, Oregon Railroad and Navigation Company. (14) Dec. 30. 
Restoration Railway Bridges. (11) Serial beginning Nov. 24, ending 
ec. 15. 
1900. 
Worm-Eaten Piles. (15) Dec. 15. 
Steel and Cement Facing for Protection Pier. (14) Jan. 
Pont-Route Nogent-sur-Marne (Seine). Dumas. (33) Dec 


(10) Jan., 


Joints Flexibles Pour des Treillis Attache Rigide des Ponts 
(36) 10. 


Electrical. 


Magnetism. Prof. James Alfred Ewing. (63) Part iv. 

The Field Experimental Research. Prof. Elihu Thomson. (47) Serial beginning 
Dec. ending Dec. 30. 

The Contact versus the Chemical Theory the Volta Effect. (26) Dec. 29. 

Some Experiments Voltaic Cells with Compound Electrodes. Frederick Spiers. 
(26) Serial beginning Dec. ending Dec. 15. 

Alternating Current Diagrams. Robert Philip. (27) Dec. 23. 

New Method Compounding Alternators. (13) Jan. 

Double Voltage and Current Generators. Alton Adams. (27) Dec. 16. 

Capacity Limits Direct Current Machines. Alton Adams. (47) Dec. 23. 

Test 300-Kilowatt Direct-Connected Railway Unit Different Loads. 
Willis. (28) Dec. 15. 

The Rotary Phase Converter. Prof. Quick. (27) Jan. 

Some Notes Rotary Converters, with Special Reference the Extension Plant the 
Edison Company. Eberall. (26) Serial beginning Nov. 24, ending 


22. 
The Scientific Principles Public Lighting Are Lamps. Carter. (26) Serial 
beginning Dec. 22, ending Dec. 29. 


The Cost Are Lighting. Wait. (13) Jan. 

Alternating Current Power Motors. W.A. Layman. (1) Nov., 1899. 
Ideal Municipal Electric Plant. (24) Dee. 11. 

The Perth, A., Electricity Works. (26) Dec. 


Rapids, Mich., Municipal Central Station. Edward James Hart. (27) Dec. 


Hereford Corporation Electricity Works. (26) Dec. 15. 

Lighting and Power Installation the New Post Office Department Building, 
ington, D.C. Alexander. (27) Jan. 

Plant and Street Lamps Trieste, Austria. Josef Herzog. (27) 

an. 

San Gabriel Electric Company. (11) Serial beginning Dec. 22, ending Dec., 29. 

The Milan Electric Power and Lighting Works. (12) Dec. 22. 

The Union Lighting and Traction Plants. Alton Adams. (10) Jan., 1900. 

The Utilization Blast Furnace Gases the Generation Electricity. (26) Serial 
beginning Dec. 15, ending Dec. 22. 

Electrical Quarry Installation. (26) Dec. 22. 

Aluminum: its Uses and Treatment Electrical Engineering (47) Dec. 


Electricity Coal Mining. John Price Jackson and Frank (47) Dec. 
16; (16) Dec. 23. 


Breaks Submarine Cables Close Repairs. (63) Part iv. 

American Pacific Cable. Capt. George Owen Squier. (27) Jan. (18) Jan. 

The New Common Battery Bell Telephone Exchange, Brooklyn, (27) Dec. 
The Kinloch Telephone Exchange St. Louis, Mo. Frederick Bausch. (27) Jan. 


The Terminal System and Underground and Aerial Lines the Kinloch Telephone Com- 
pany. Frank Clark Cosby. (27) Jan. 
Station Vienna. (53) Serial beginning Dec. ending 
ec. 22. 


The Newport, I., Electrical Automobile Station. Spencer Crane. (27) Dec. 16. 
Stray Currents and the Stability Structures. (24) Dec. 25. 


Force par Courants Diphases des Mines Sheba. (Transvaal.) (34) 
1899. 


L’Energie Electrique Agriculture. (36) Dec. 10. 
Quelques Solutions Emile Dieudonné. (36) Dec. 10. 


des Installations Mécaniques 1900. Leugny. (36) 
ec. 
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Affairs. CURRENT TECHNICAL LITERATURE, 


Electrical—(Continued). 


Les Developpements aux Etats-Unis 1899—Recents Installations Elec- 
triques. Delmas. (32) Nov., 1899. 


Application des Alternateurs Monophasés Production des Courants Polyphasés 
Industriels pour Fonctionnement des Moteurs. (36) Dec. 10. 
Marine. 


The United States Harbor Defence Vessels. (12) Dec. 29. 
Engines the Dutch Cruiser Noord Brabant. (12) Dec. 
M.S. Cressy. (12) Dec. 22. 
Warship Construction Dec. 22. 
Shipbuilding and Marine Engineering 1899. (11) Dec. 29. 
The Record the Year Steel Shipbuilding. Waldon Fawcett. (20) Dec. 14. 
Naval Work English Shipyards and Engine Factories 1899. (12) Dec. 29. 
New Cunard Steamer (12) Dec. 22. 
The Humber Steam Pilot Yacht Commander Cawley. (11) Dee. 29. 
Floating Dry Docks America. Waldon (41) Jan. 
Notable Salvage Operations the Past Year. Waldon (9) Jan., 1900. 
Electrical Launches. Max Biittner. (48) Nov. 28. 
Tests new Krupp Armor Plates. (50) Dec. 
Large Modern Steamships. Flamm. (50) Dee. 

Probléme Navigation Sous-Marine. Noalhat. (36) Dec. 10. 


Mechanical. 


Complete Cycle for the Steam Boiler and Engine. Auldjo. (28) Dec. 29. 

The Cost Steam Raising. John Halliday. (47) Serial Dec. 16, ending Dec. 
30; (11) beginning Dec. ending Dec. 22. 

The Cost Steam and Electric Energy. (11) 15. 

The Evolution the Stationary Steam Engine. Robertson. (63) Part iv. 


The Steam Engine the End the Nineteenth Century. Thurston, Am. Soc. 
(20) Dec. 14; (10) Jan., 1900. 


The Steam Engine for the Electric-Traction Power House. Charles Hague, Am. 
(9) Jan., 1900. 

Dee. 

Steam Turbine and Dynamo. (47) Dec. 16. 

Experiments Regulating the Rider Valve Camerer. (48) Serial beginning 
Nov. 25, ending Dec. 

One-Cylinder Compound Steam Engine. C.Sondermann. (48) Dec. 


Turbines with Indirect Acting Regulator. Pfarr. (48) Serial beginning Dec. 16, 
ending Dec. 


Note Fly-Wheel Design. (20) 14. 

Continuous Mean-Pressure Indicator for Steam Engines. Prof. William Ripper. 
(12) 15; (11) Dec. 15; (47) Serial beginning Dec. 23, ending Dec. 30. 

and Fuel Gas. William Paul Gerhard. (10) Jan., 1900. 

Apparatus for the Analysis Illuminating and Fuel Gases. George Thomas. (24) 


an., 

Estimation Benzine Vapor Gas. (24) Dee. 11. 
The Gas Engine the Foundry. George True. (24) Dee. 11. 
Efficiency Test 125-Horse-Power Gas Engine. (24) Dec. 


Utilization High Furnace Gases for Power Gas Engines. Bryan Donkin. (12) 
Serial beginning Nov. 24, ending Dec. 15. 
Experiment Using Gasoline Gas for Boiler Heating. Herman Poole. (62) Dec. 21; 
(18) Dec. 23; (24) Dec. 11. 


Gasoline Hoisting Engine Mexican Mine. (13) Dec. 21. 
Blast Furnace Gas for Gas Engines. (14) Jan. (62) Jan. 


The Most Perfect Machine Shop—Building No. the Schenectady Works the 
General Electric Co. Burr. (20) Jan. 


The Revolution Machine Shop Practice—The Practical Limitations Tool Making. 
Henry Roland. (9) Jan. 1900. 

Strength Steel Balls. Harris. (47) Dec. 16. 

The Manufacture Armorplate Sheffield. (22) Dec. 15. 

The Liquefaction Air. Arthur Rice. (13) Dec. 21. 

Small Motor-Driven Air Compressor. (13) Dec. 21. 

Automatic Grain-Weighing Machine. (11) 

Traction Engines South Africa. (12) Dec. 

New Electric Cranes. (48) Dec. 

Sugar Machinery. Dec. 

The Otto Coke Oven Germany. (22) 

Tests Refrigerating Plant. (14) Dec. 30. 

Mechanical Transport Mining and Engineering Works. Little. (9) Jan., 

German Brass Furnace. (62) Dec. 28. 

Metal Dynamograph. Paul Mellen Chamberlain. (20) Dec. 14; (47) 

The Testing Chains. Popplewell. (47) Dec. 

Screw Fans. Charles Innes. (47) Dec. 


Distribution the Energy Pound Coal the Electric Railway Cycle. Albert 
Herrick. (17) Jan. 
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Mechanical—(Continued). 


Recent Progress Automobile Construction. Beaumont. (9) Jan., 1900. 

Account Some Modern Steam Wagons. George Burls. (47) Dec. 

The Stanley Steam Car. (28) Dec. i5. 

The Gobron and Brillié Motor Car. (28) Dec. 29. 

Humber Motor Vehicles. (2%) Dec. 

The Motor Car. (28) Dec. 

The Car. (28) Dec. 

Record-Making Automobile. Entzand Maxim. (27) Dec. 23. 

140 Kilogrammes Installée chez Berthod. Leon Griveaud. (34) Dec., 

99. 

Considerations sur Théorie Machine Vapeur. Anspach. (37) Serial begin- 
ning Oct.. ending Nov. 1899. 

Résumé Quelques Expériences pour Circulation dans les 
Chaudieres. Bellens. (37) Nov. 1899. 

Notes Relatives Fabrication des Tubes des Corps Creux, Fer Acier, sans 
Soudure. Vinsonneau. (37) Serial beginning June, ending Nov., 1899. 


Military. 
Coast Fortifications. The Gruson Chilled Cast Iron Turrets. (20) Dec. 28. 
Mining. 


The Republic Mine, Washington. M.H. Joseph. (16) Dec. 16. 
The Smelter, Boundary District, British Columbia. Charles Bramble. (16) 
ec. 16. 
Some Notes the Mining Practice the Witwatersrand Gold Fields, South African 
Republic. (6) Nov., 1899. 
The Progress Ore Dressing. (6) Nov., 1899. 
Commercial Method Copper Assaying and Analysis. Titus Ulke. (16) Dec. 


Vacuum Tank for Bailing Out Shafts. (13) Dec. 28. 
The Kaselowsky Pumping System. Charles Francois. (16) Dec. 23. 
Petroleum Motors for Coal Mine Haulage. Kerstrom. (16) Dec. 16. 


the Relative Positions Drums and Pulleys Winding Arrangements. George 
Westgarth. (22) Dec. 15. 


Nouvelle Methode Houille Grand, Combe (Gard.). 
(33) Dec. 16, 


Failures Asphalt Pavements. (14) Jan. 

Laying Gas and Water Mains Public and Private Streets. (24) Dec. 18. 

State Improvements Public Highways the State New York. (13) Dee. 14. 
Electrolysis American Cities. Davis. (24) 18. 

The Advantages Tunnels Large Cities. (14) Dee. 16. 


for Pedestrians Under Electric Car Tracks Travers St., Boston, Mass. (13) 
an. 


Pavage Bois Fibres Obliques. Leon Griveaud. (35) Dec., 1899. 
Railroad. 


The Central Railroad Peru. (15) Dec. 22. 

The Railroads Siam. (15) Dec. 22. 

the Third Avenue Railway, New York. 

The Traffic Difficulties the Brooklyn Rapid Transit System. (17) Jan. 


Introduction Electric Motive Power the Berlin City Ringbahn. 
51 ec. 9. 5 


The Building Africa. Schwabe. (51) Dec. 16. 
Third Rail Conductors for Electric Railways. Leo Daft. (10) Jan., 1900. 


Traction. Albert Greatorex. (47) Serial beginning Dec. ending 
16. 


Locomotive Development Dec. 

Crown and Cross Stays—Mexican Central Railway. (15) Dec. 29. 

Some Locomotive Details. (15) Dec. 29. 

Pooling Locomotives. Wells. (61) Nov., 1899; 21. 

Fast Passenger Compound Locomotive, Northern Railway France. (18) Dec. 30. 

Some British Narrow Gauge Locomotives. Corrie. (47) Serial begin- 
ning Dec. 23, ending Dec. 30. 


Resulting from Study Indicator Cards. Symons. (15) Dec. 


The Rehabilitation the Piston Valve. (39) Jan., 1900. 
Tests Locomotive Slide Valve. Frank Wagner. (47) Dec. (18) 


Steel Ties Mexico. (18) Dec. 23. 
Track Throwing Car, Pennsylvania Railroad, (13) Dec. 
Railway Signaling America. (12) Dec. 29. 
Automatic Interlocking Hawley, Ill. (18) Jan. 
Combination Ballast and Coal Cars. Central Railroad. (13) Jan. 
Trucks for Broad Gauge Cars Narrow Gauge Tracks. (15) Dec. 22. 
New Pile-Driver the St. Ry. (18) Dec. 28. 
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Railroad—(Continued). 


The 600-Ton Coaling Station the Lehigh Valley Railroad. Jan. 

The New Terminal ‘Station the Pittsburg Lake Erie. (15) Dec. 15. 

The Waterloo and City Electric Railway. (26) Dec. 29. 

Les Traverses Métalliques. Auguste Moreau. (32) Nov., 1899. 

Matériel Nouveau Chemins Fer Gothard. (38) Dec., 1899. 

Note sur Chariot Transbordeur Electrique sans Compagnie Orleans. 
Sabouret. (38) Dec., 1899. 


Essais Traction ique sur les Lignes Chemins Fer Secondaires Italie. 
Raymond Godfernaux. (38) Dec.. 1899. 


Sanitary. 


Large Overflow Chamber. (14) Dec. 16. 

Exper Sewage Purification the Lawrence Experiment Station During 1898. 
(13 21. 

Chemical Precipitation and Rapid Filtration Sewage Madison, Wis. (13) Dec. 28. 

New Sewer Invert Block. (14) Jan. 

The Ventilation Tunnels and Buildings. Francis Fox. (10) Jan., 1900. 

Electric Lighting and Refuse Destruction. (12) Dec. 15; (28) Dec. 15; (22) Dee. 15; 
(26) 29. 

Structural. 


Repeated Stresses. (14) Jan 

Colors Heated Steel. White and Taylor. (11) Dec. 29. 
Alloys Iron and Nickel. Hadfield. (63) Part iv. 

Experiments Alloys and Nickel. Osmond. (63) Part iv. 
Foundations Buildings. (14) Dec. 16. 

The Foundations Large Power House. (14) Dec. 16. 

New Automatic Bucket for Dumping Concrete Under Water. (13) Dec. 


for the Illinois Steel Co. South Chicago, Ill. (13) 14; (20) 
14. 


The Simplon Tunnel. Axel Larsen. (10) Jan., 1900. 

New Gravity Concrete Mixer. (13) Dec. 28. 

Comparative Tests Different Forms Cement Bri (14) Dec. 30. 

The Hydraulic Laboratory Lafayette College. (14 80. 

The New Home the New York Supreme Court 14) Jan. 

New Station the Third Avenue Railroad Company, New York. (17) Jan. 
6: (14) Jan. 6 

The the Imperial Electric Light, Heat and Power Company, St. Louis 
(2 ec. 16 

The orks the Nazareth Portland Cement Company. (14) Dec. 16. 

The Machinery Building the Paris Exposition. (14) Dec. 16. 

Sugar Houses St2el Jan. 

The Youngstown Blast Furnaces the National Steel Company. (20) Dec. 21. 


Industrial Development and Japanese Steel Works. Dec. 15. 
The Somerton Hills Mausoleum. (14) 


Gasholder Guide Frames. Hacker. Nov. 28. 

Strain and Change Shape Floors. Bach. (48) Dec. 23. 

Compound Girders. (53) Serial beginning Nov. 24, ending Dec. 

The Crushing Resistance Brick Masonry. Emperger. (53) Dec. 

General Structural Details the New Rapid Transit Tunnel Railway. (13) Dec. 14. 

Armored Treasure Vault. (12) 29. 

Reconstructing Trussed Roof. (14) Jan 

Ventilation and Heating (14) Jan. 

Heating Car Houses. (17) 

Low-Pressure Gravity Apparatus (14) Dec. 16. 

Réel des Sucres Indigénes Port Dunkerque. Alfred Boudon. (33) 

Tunnel Turchino sur Ligne Génes-Ovada-Asti. (33) Dec. 23. 

Hotel Caisse Epaigne Saint Florentin. Boussard. (35) Dec., 1899. 


Entrée Monumentale Place Concorde, Exposition 1900. Boudon. 
(33) Dec. 16. 


Topographical. 


The Lippincott Planimeter. Prof. Greenhill. (12) Dec. 


Hints upon Transit Surveys and the Avoidance and Checking Errors. Sherman 
Gould, Am. Soc. (13) Jan. 


Water Supply. 


The Appraisal Water Powers. (14) Dec. 16. 

and Conditions the Movements Ground Water. (13) Dec. 28. 
eting the Abandoned Aqueduct Tunnel Washington, (13) Dec. 28. 
The Dresden Water-Works. James Fuertes, Am. Soc. (14) Dec. 30. 


14) 
Water Supply Purification Works Parkville and Bethany, Mo. Wynkoop Kier- 
sted, Am. Soc. (13) Dec. 14. 


Water Purificaticn Means Ozone. Wauselin. Nov. 25. 
Reinforcement the Walls the Kansas City Settling Basins and the Use 
ulant Aid Clarification. Wynkoop Kiersted, Am. Soc. (13) Jan. 
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Water Supply—(Continued). 


Test Two Ten-Million Gallon Pumping Engines St. Louis. (14) Dec. 16. 
The Location Pipe Obstructions Sound. (14) Dec. 30. 

The Incrustation Iron Pipes. (14) Dec. 30. 

The Action Water Lead, and Zine Service Pipes. (13) Jan. 
Electrolysis Cast-Iron Water Mains. Prof. Lucien Blake. (27) Dec. 16. 
Concrete-Asphalt Reservoir Lining. (14) Dec. 16. 

Covered Reservoirs. (14) Dec. 30, 

The Assouan Dam. (13) Dec. 28. 

The Utilization the Nile. (14) Dec. 30. 


Irrigation Works the Jeypore State, Rajputana, India. (63) Part 


iv. 

Unusual Method Transmitting Power. (13) 28. 
Some Old-Time Water Wheels. William Wallace Christie. Dec. 21. 

Large Steel Penstock under Heavy Pressure Cadyville, (13) Jan. 
The St. Lawrence Power Plant. (14) Jan. 


Waterways. 
Discharge Measurement the Niagara River (13) Dec. 28. 
The Lake Erie Regulating Weir. (14) Jan. 


the Deep Waterways Board the Regulation the Great Lakes. (13) 
an. 


The Regulation the Elbe between Hamburg and Nieustedten. (51) Dec. 16. 
Sluices the Betwa Canal-Head and Weir. Macalister. (63) Part iv. 


The Nicaragua Canal its Military Aspects. Capt. Green. (44) Jan., 1900. 
Harbor Works Otaru, Japan. (11) Dec. 15. 


Buenos Ayres Harbor Works. (63) Part iv. 
Steam Dredger Devolant. (12) Dec. 29. 


Hydraulic Dredger (Bates System) for the Russian Government. (11) Serial begin- 
ning Dec. 15, ending Dec. 29. 


Phare Raz-Tina (Tunisie). (35) Dec. 


NEW BOOKS THE MONTH. 


Unless otherwis2 specified, books this list have been donated the Library 
the Publisher. 


MATERIALS ENGINEERING 


Part Treatise Non-Metallic Materials Engineering; Stone, 
Timber, Fuel, Lubricants, etc. Part II. Treatise Iron and 
Revised Edition. Part II, Seventh Revised Edition. Cloth, 


ins., illus. New York, John Wiley Sons, 1898-99. Part $2.00; 
Part $3.50. 


The subjects covered these volumes are: Part I—Stones and Cements; Strength 
Timber, Adaptations, Preservations; Fuels; Lubricants; Leather. Paper, 
Rubber, Cordage. Part the Metals; History, Principles, Materials 
Metallurgical Work; Historical Sketch Iron Manufacture; The Ores Iron; Reduc- 
tion Ores, Production Cast Iron; Manufacture Wrought Iron; Manufacture 
Steel; Chemical and Physical Properties Iron and Steel; Strength Iron and Steel; 
Effect Temperature and Time Resistance; Specifications, Tests, Inspection. 


which treats The Alloys and Their Constituents, already the 
ibrary. 


RULES FOR RAILWAY LOCATION AND CONSTRUCTION 


The Northern Pacific Ry. Co. McHenry, Am. Soe. 
New York, Engineering News Publishing Co., 1899. cents. 


The Contents are: Construction and Engineering Departments; Location; Surveys 


and Construction; Track and Ballast; Bridges and Culverts; Accounting and Miscel- 
laneous; Supplies. 


Affairs. MEMBERSHIP—ADDITIONS. 


MEMBERSHIP. 


ADDITIONS. 


HONORARY MEMBERS, 
MELVILLE, GEORGE WALLACE 
Rear-Admiral, Eng. Chief, Navy, Washington, 


Pres. The Continental Iron Works, Brooklyn, 
Res., 329 Madison Ave., New York City Hon. 


MEMBERS, 


CHARLES ADDISON 
Record Bldg., Baltimore, 
Hovey, 
Eng. charge Office Union Bridge Co., 
Athens, Pa...... 
KNICKERBACKER, JOHN 
Prest. Eng., Eddy Valve Co, Waterford, Res., 
406 Byrne Bldg Los Angeles, Cal 
FREDERICK 
Dehri Bridge, Bengal, India 
GERRY 
Chf. Eng. Metropolitan St. Ry. Co., 349 West 85th 
PETER JOHANN 
Zutphen, Netherlands........ 


ASSOCIATE MEMBERS. 


ALLEN, FREDERICK 

Park Place, New York City ..... 
Kort 

Supervising Architect’s Office, Washington, 
GRANT 

Stewart and Bay Ridge Aves., Brooklyn, Y.... 
ALFRED 

Mt. Vernon St., Boston, 
KENDALL 

166 Devonshire St., Boston, Mass.... 
GISLI 

Room 317, Telephone Bldg., Pittsburg, Pa.. 


Date 
Membership. 
Dec, 20, 1899 
Sept. 1886 
Dec. 20, 1899 
Jan. 1900 
April 1894 
Jan. 1900 
Jan. 1900 
Dec. 1899 
Oct. 1899 
Jan. 1900 
Dec. 1900 
Jan. 1900 
Dec. 1899 
Jan. 1900 
Dec. 1899 
Jan. 1900 


1900 
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MEMBERSHIP—RESIGNATIONS—-DEATH. 


Date 

Ernst FREDRIK Membership. 

Sax, Jun. Jan. 31, 1893 

303 Hale Bldg., Philadelphia, Assoc. Jan. 1900 
STONE 

3225 Sixteenth St., W., Washington, Jan. 1900 
Jun. Mar. 31, 1892 

111 White Bldg., Buffalo, Nov. 1899 

JUNIORS 

Horace 

Mawney St., Providence, 1900 

Chf. Eng., San Diego Water Co., San Diego, Cal..... Dec. 65, 1899 
WILLIAM 

105 East 28th New York City........ Jan. 1900 
JOHN FRANCIS 

Asst. City Engineer, New Orleans, 1899 

JEROME FREDRICK 

Engineering Corps, Ry., G.and Rapils, Mich. Jan. 1900 
Percy 

RESIGNATIONS. 
Date 
Resignation. 
JUNIORS, 

DEATH. 

James Associate Member Nov. 4th, 1891; 


Member Feb. 7th, 1894; died Nov. 


1899. 
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Vol. XXVI. JANUARY, 1900. No. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 


The Foundations the New Croton Dam. 


Discussions Papers which have been presented 
Test Mechanical Filter. 
The Groined Arch Covering for Reservoirs and Sand Filters: Its Strength 
and Volume. 
The Reaction Breakwater Applied the Improvement Ocean Bars. 


WILLIAMS 


River Hydraulics. 
Topp, Jun. Am. Soc. E..... 


Memoirs Deceased Members: 
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JANUARY, 1900. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE FOUNDATIONS THE NEW CROTON DAM. 


1883 the Legislature the State New York passed Act 
(Chapter 490, Laws 1883) creating the Aqueduct Commissioners 
the City New York. 

The purpose this Act was the immediate increase the water 
supply the city which, under the conditions then prevailing, had 
for some time been inadequate and inefficient. this end was 
planned begin the construction new aqueduct and large dam 
the Croton River, the latter near and above the site Quaker 
Bridge, point about miles below the old Croton Dam which had 
been use since 1839. This new dam, was reckoned, would 
increase the available storage about 000 000 000 galls., and, 
construction were begun immediately, could put practical use, 
connection with the New Aqueduct, not long after the completion 
the latter, the work which was planned continue the same time. 

The Aqueduct Commissioners began the construction the New 
Aqueduct the fall 1884, but found strong opposition, the part 
few influential citizens, the project the dam. This opposi- 


sent mail Discussion, either oral written, will published ina 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 


Vol. XXVI. No. 


GOWEN FOUNDATIONS NEW CROTON DAM. 


tion resulted indefinite delay action the part the Com- 
missioners, far the large dam was concerned, but they ordered 
the construction smaller dam and reservoir near the head waters 
the East Branch the Croton, the Village Sodom, early 1888. 
This action reversed the original plans for the enlargement the 
water supply which were build the large dam and basin first 
and with much speed practicable, and later complete the 
all the storage capacity the Croton Valley 
building the smaller dams and reservoirs, which the dam Sodom 
was one. 

July, 1888, new Board Aqueduct Commissioners came into 
power. They found steadily increasing demand for more water, and 
came the conclusion that was best continue the policy build- 
ing the smaller dams and reservoirs already inaugurated their 
decessors, as, owing the time which had lapsed (about years), 
without action relative the proposed large dam, was impossible, 
even taking immediate action toward its construction, complete 
time afford the desired reliefin the water supply. They, therefore, 
ordered the construction the Carmel Dams (Reservoir and the 
Titicus Dam (Reservoir M), well the completion the Sodom 
Dam System and Reservoirs, which included two dams, two reservoirs 
and connecting tunnel. The construction these works was started 
soon practicable, and further investigations were authorized 
relation the proposed large dam, order determine whether 
the best available site had been found. 

this end extensive series diamond-drill borings was made 
along the valley the Croton River from the site Old Croton Dam 
point nearly the mouth the river, about mile below the 
old Quaker Bridge site. The result was the decision the Commis- 
sioners, January, 1891, build the large dam the Cornell site, 
point about miles above Quaker Bridge, and situated store 
nearly much water would have been stored the Quaker Bridge 
Dam. The amount storage the dam built the Quaker 
Bridge site estimated 000 000 000 galls.; the Cornell site, 
000 000 000 galls. 

connection with these new dams and storage reservoirs are vari- 
ous older dams and natural lakes, throughout the water-shed the 
Croton, which have been use for the city’s water supply for many 
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years, connection with the Old Aqueduct; and the total storage 
capacity, upon the completion the New Croton Dam, will 
follows: 
Total storage connection with the old 
works, including Central Park, Boyds 
Corners and Middle Branch 541 000 000 galls. 


Reservoir Sodom and Bog Brook Reser- 

New Croton Dam Reservoir................. 000 000 000* 


the large reservoirs within the city territory cannot emptied 
below certain limits without impairing the supply, the available 
storage capacity may stated about 000 000 000 galls.+ 

The construction the New Croton Dam was begun 
1892, the contract for its construction having been let the preceding 
August. present time about two-thirds completed, and, 
general description the structure, embodying its main features, 
essential the purposes this paper, the following extracts from 
the Report the Chief Engineer, Fteley,” Past-President, Am. 
Soc. E., the Aqueduct Commissioners, 1887 1895,” are 
reprinted here, they seem embody the main points and important 
features comparatively few words. 

The New Croton Dam Cornell Site which form the largest 
reservoir the system, the lower part the Croton River, was 
begun October, 1892. located about miles above the 
junction the Croton with the Hudson, and about mile above Old 


Quaker Bridge. The course the Croton this point approxi- 
mately west. 

the dam location, rock (gneiss) crops out the surface the 
north side the river, rising with steep slope, which terminates 
the top hill about 300 ft. high. The bed-rock the north side 
dips quickly just before reaching the bank, and soundings show 


about ft. below the river-bed. this point, about 


Approximate. 
the Chief Engineer the Aqueduct Commissioners, 1887-1895, 82. 
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parallel and under the river, the rock changes abruptly from gneiss 
limestone, with marked change surface level. The limestone 
extends across the valley about the depth noted above, with some 
deeper pockets, and then rises gradually the south side with the 
earth slope and below it, varying depths, depth ft. 
the extreme south end the dam location. 

the river-bed the material above the bed-rock largely 
sand, gravel and boulders. Approaching side the valley, 
very compact hardpan and gravel next the rock indicated. The 
hardpan surmounted next the surface considerable layer 
sand the steep part the slope. Along this slope, about 
elevation 153 runs the Old Croton Aqueduct. The total distance 
across the valley flow-line (elevation 200) about 300 ft. 

general features the dam may noted follows: 

overflow, spillway, the rocky side-hill forming the north 
slope the valley. 

masonry dam built bed-rock and extending from its junction 
with the overflow about the foot the north slope the valley, 
across and well into the south slope, where ends wing-wall and 
core-wall for the embankment. 

embankment with core-wall extending bed-rock from the 
end the masonry dam and along the south slope until elevation 
220, the proposed top this part the dam, reached. 

The overflow varies height from 150 ft. its junction with the 
main dam about ft., where joins the side-hill the upper end. 
This runs along the side-hill and nearly parallel the slope 
contours, curving up-stream its junction with the masonry dam. 
The down-stream face the overflow formed steps. From 
the spillway the water fall into channel cut into the rock the 
side-hill, through which the water will pass its way the river- bed 
below the dam. This overflow channel about ft. wide 
the upper end and 125 ft. wide next the The length 
the will nearly 000 ft., elevation top, 196. 

The masonry dam will extend from bed-rock elevation 210, and 
provision made for roadway top, ft. width. the north 
end, near its junction with the overflow, gate-house 
three chambers. Grooves the masonry the up-stream face will 
provided for stop-planks, and each chamber will gates 
worked from the top the dam, connecting with 48-in. pipe. The 
pipes will extend through the dam, ending vault, containing 
stop-cocks further control the flow water. expected 
place the lower openings the gate-chambers about elevation 75, 
nearly ft. above the original river-bed, and fill this interval 
with earth, forming embankment with flat slope above the 
restored original surface, the up-stream side. 
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masonry dam will about 600 ft.* length from its 
junction with the overflow the back the wing-wall the south 
end, and its extreme height will 260 ft. more, the soundings 
show some large and deep depressions the rock surface below. 
Maximum thickness bottom next rock, about 190 ft. 

The embankment extending south from the wing- wall end the 
masonry dam will have core-wall extending throughout its length, 
founded bed-rock, thus forming with the overflow and main dam 
continuous masonry connection with bed-rock throughout the whole 
length. From elevation bed-rock this wall not 
less than ft. thickness; from elevations 200 the wall 
gradually diminishes ft. width the top. The elevation 
the top the embankment 220; width top, ft. Up-stream 
slope, paved; down-stream slope, broken with three 
berms, each ft. wide different elevations. These berms will 
ditched and paved carry rain-water from the slopes, which 
soiled and sodded. 

Old Aqueduct discontinued between the slope lines the 
embankments, and being replaced new section built curved 
line into the side-hill, nearer the extreme south end 
the junction this new line Aqueduct with the core-wall masonry, 
asecond gate-house will built for the purpose connecting the 
water impounded the New Reservoir with the Old Aqueduct. 


* * * * * * * 


gate-house foundation rests bed-rock, and the curved 
line the new section the Aqueduct was designed avoid the 
deep excavation for this foundation, which would have been neces- 
sary had the original location the Uld Aqueduct line been adhered 
to. The gate-house drained system 12-in. pipes, which are 
connected with the bottom each chamber and unite into one pipe 
laid under the invert that part the new section the Aqueduct 
lying the down-stream side the core-wall. Near the junction 
the New Aqueduct Section with the Old Aqueduct, this drain pipe, 
after short turn, emerges the adjacent hillside. 

The center the overflow and masonry dam, the core-wall, the 
gate-house foundations, the side walls the Aqueduct, the backing 
the gate-house chambers and inlet conduits will built rubble 
masonry. The overflow will faced above the surface the ground 
with coursed facing-stones cut the down-stream 
side the steps are laid with block-stone masonry generally 
heavier rise and width than the facing-stone, and depth sufficient 
for bond under the next step above. 

* * * * * * * 


This length has since been increased 710 ft. 
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main dam and the outer faces its gate-house will faced, 
wherever exposed, with facing-stone the same class that the 
overflow. 

* * * * * * * 

the protection the deep earth excavation, which 
take place the bottom the valley for the foundation the dam, 
the river diverted from its bed for distance over For 
that purpose extensive rock cut has been made into the north side- 
hill and the river has been turned into this new channel” (125 ft. 
width) which formed the river side substantial river-wall 
founded rock. 

This wall, parallel with the old river-bed and 600 ft. long, con- 
nected both ends with temporary wing-dams extending across the 
valley, above and below the site the dam, thus making complete 
inclosure, inside which the excavation can take place without inter- 
ference from the river. The wing-dams are built earth with tim- 
ber core formed two thicknesses plank tongued and grooved, 
ft. below the natural ground. The toe the dams the river side 
formed heavy crib-work, intended break the force the cur- 
rent time freshet. The toe the lower wing-dam further 
protected sheet piling and heavy weight rock counteract 
the erosive action the large flow which may discharged from the 


new channel into the river case heavy freshet. 
* * * * * * * * 


The total length the protective work just described, including 
the river-wall and the wing-dams, 600 ft. The capacity the new 
channel has been designed safely accommodate flow equal the 
largest freshet recorded Croton River since the construction the 
old works, when the discharge was approximately cu. ft. per 
second.” 

connection with this description, attention called Plate 
which outline plan the structure and shows, addition the 
various features noted above, the outline the excavation necessary 
for the main dam foundation masonry, and the embankment 
built against the core-wall with which forms the south end the 
structure. 


Figs. and show various sections core-wall and embankment, 
the main masonry dam various points and the maximum sec- 
tion the overflow wall where crosses the temporary river channel. 

The dam was designed and its construction being superintended 
Mr. Fteley, the Chief Engineer. was assisted, for the mathe- 
matical computations necessary for determining the main section, 
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Wegmann, Am. Soc. E., who has since developed and formu- 
lated the methods followed, his book high masonry dams.* 

may said that the section adopted affords factor safety 
against any tendency toward the overturning the structure. 

The work construction has been conducted, from its inception, 
under the immediate direction the writer. 

Since the foregoing description was written, the protective work 
has been completed, substantially outlined. The earth and rock 
excavations for the foundations have been finished; the foundation 
masonry practically all laid, excepting short stretch the overflow 
which cross the river-channel cut and join the long stretch 
overfall foundation masonry already laid. The length this remain- 
ing stretch about the progress the above work the 
section the main dam masonry was carried about 110 ft. further 
into the side-hill the south end than was planned first, thus 
shortening the core-walland embankment section the same distance, 
and, owing the rise the bed-rock surface under the south slope, 
decreasing the maximum depth height the core-wall and embank- 
ment considerably from that the original design. 

Owing the character the limestone, which rendered deep 
excavation necessary certain points, the extreme height the 
masonry dam will range from Elevation—80, the lowest point reached 
the foundation excavation, Elevation 210, total 290 ft. For 
the same reason the extreme thickness the main dam masonry 
the toe about 200 ft. 

The final location the New Croton Dam resulted from the indi- 
cations furnished extensive series diamond-drill borings, 
during which the Croton Valley was explored thoroughly along the 
line the river from old mill the head tide water, about 
three-quarters mile below Quaker Bridge, Old Croton Dam, 
distance about miles. The general system for determining upon 
the position the borings proposed, was follows: Whenever the 
appearance the surface seemed favorable number drill 
holes were made line parallel with the river, and, one them 
gave indication the proximity bed-rock the surface, trans- 
verse line holes was drilled across the valley that point. 


Wiley Sons, 1891. 
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this way large number transverse lines was drilled, and 


was found that wherever the bed-rock cropped the 


surface one side the valley dipped down sharply the other 
side depth which, most cases, would impracticable 
establish foundation. Asa rule, gneiss was found, but various 
points either side there are formations limestone with clearly 
defined points which, some cases, were under the bed 


the stream. 


Several the more favorable locations thus indicated were 
explored more particularly number transverse lines holes 
about 100 ft. apart, and when the present established location was 


finally determined upon, additional borings were made, cover the 


the masonry structure, intervals ft. Plate shows the 


location and result these borings, well the outline the pro- 
posed foundations. will seen that there were places indica- 


tions considerable depth soft white rock (partly disintegrated 


limestone), before the hard rock was reached, extending one case 
extreme nearly ft. The holes drilled the rock were, 
rule, 2ins. diameter, and were carried depth presumably 
sufficient establish the character the rock below. The hard white 
rock sought for, and, rule found before the borings ceased, was 
mostly bluish limestone, while the soft white rock varied its texture 
from white limestone, friable under some pressure, very friable 
wholly decomposed rock. The line separation between the lime- 
stone and the gneiss was shown directly under and parallel 
the river-bed. The borings indicated further, the presence seams, 
more less open, the limestone, and the frequent reports the 
sudden loss the water (i. e., the water supplied the steam pump 
wash out the holes the borings progressed) showed that these 
seams were connected places with rather free flowing outlets. 
the general level the bed-rock was Elevation —25, about 
ft. below the river, and the water table the sand and gravel 
above this bed-rock was substantially the same the river level, 
perhaps question some interest how and where 
this disappearing stream went, and, case its reappearance, 

what were the causes which may have led it. Copies the 
drill runner’s log, which follow, show the records Holes Nos. 


and 99. 
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These furnish two illustrations out number cases which 
the water disappeared and reappeared after interval. Hole No. 
especially noticeable, the final disappearance the water 


did not until the drill had reached its lowest level, Eleva- 
tion —76.80. 


No. 95.—Elevation Jack Plank........... 71.9 


Date. Material.* low Jack Remarks. 
Plank. 


.|Broke casing; third joint 
Pulled out; got back 


Boulder. 28.35 bit ins. below shoe. 
stand up; fills in. 
74.00 Stands fills in; can pound down; stands 
ow. 
and fills in; can pound down; stands 
up; flow. 
and fills in; can pound down; stands 
up; flow. 
very bad; cannot get powder down. 
100.87 top soft white rock. 
104.85 think this fine sand; the floor was clear. 


111.00 rockis little harder; core. 


122.00 flow. 
122.95 Not hard enough core; core. 


yet; nocore. 


0.90. 


and boulders. 

B.—Coarse sand and boulders. 
gravel, stones. 

S.—Hard sand and stones. 
W.R. —Soft white rock. 

—Hard white rock. 


hole the same Hole No. 88; stands very good, but could not far 
‘below the the flow would away. The rock from elevation —51.40 was 
very soft, but stood very good, and did not cave in, had could not have drilled 
sofardown. (Signed) Tierney, Foreman.” 
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No. 99.—Elevation Jack Plank............ 72.2 
70.0 
Depth, be- 
Date. low Jack Remarks. 
Plank. 

1892. 

23. “ 53,00 “ 
26. 88.00 pai 
30. 97.50 Ps y 

108.0 Put diamond bit. 
2. at 128.2 
3. 148.50 (0.40 


—Sand and stones. 


S.—Fine sand and stones. 

S.—Coarse gravel and stones. 
—Soft white rock. 


—Hard white rock. 


Putin diamond bit Commenced core 130.50; rock was not 
soft like mush; could not turn rods down with the tongs, but was not hard enough 
core; did not find any seams soft spots; stood good; did not fill in. 
seams, soft spots, but not hard enough core. Rock Hole was hard enough 
but did notcore. Did not find any soft mushy seams. Commenced core 
cored —59.40, hard did not core until got —68.20. ThenI picked some core 


all the way down, report will show, lost part flow —75.60. Lost all flow —76.80. 


Fig. and three sections the foundation rock which the 
main dam built. The limits hard and soft rock surface, indi- 
cated the soundings, well the actual surface exposed upon 
excavation and the actual surface built upon, are shown. These sec- 
tions are interesting comparison between the possible results, 
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shown the diamond-drill work, and the actual results obtained. 
general way, may said that the rock was found mcre 
broken and traversed seams, fissures and soft streaks, all the 
various conditions exhibited limestone ledges, than might have 
been expected from general surface indications the neighborhood 
and from the borings themselves. Toa certain extent, the same was 
true the gneiss, the surface which was found full slips 
and seams running every direction between hard masses, while 
extensive pockets and seams disintegrated rock considerable 


SECTION DAM LINE 


width had removed excavated until, the case the seams, 
which were mostly nearly vertical, they narrowed and nearly 
quite pinched out. 

The following statement, quoted from the ‘‘Report the Chief 
Engineer Mr. Fteley, the Aqueduct Commissioners, 1887 1895, 
given here explanation the fact that was finally decided 
build the dam this point, although the time the decision was 
made all facts connection with this location had not been devel- 
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oped, and its superiority other sites was still open question, 
while the additional borings, made, previously noted, after the site 
had been decided upon, showed more encouraging results least 
than those made earlier. 

very favorable location was found, and the writer reported 
the Aqueduct Commission October 8th, 1890, that would 
advisable abandon for the present the Quaker Bridge site, and 
build dam less magnitude short distance below the present 
Croton Dam (see Location Line Sheets and 29). Although 
the reservoir thus formed would have contained available 


E 160 


Sta 5 


E 120 | 


SECTION 


Fie. 


storage about one-half that the Quaker Bridge Reservoir, the 
principal reasons given favor that opinion were: 

First.—That the storage thus obtained would sufficient 
for many years come. 

Second.—That the height and cost dam would much 
less, and that could built less time. 

Third.—That the experience which would soon acquired 
the effect the large storage reservoirs under construction the 
quality the water, would better enable the authorities charge 
ascertain whether would good policy the future build 
the higher dam resort some other mode increasing the 
supply. 
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Fourth.—That the money thus saved for the present 
would, after twenty-five years, representa large part the money neces- 
sary then build the higher dam, with the result that the city would 
then have two dams instead one for nearly the same expenditure. 

report also mentioned that another site (the site), 
not then fully explored, presented good features and should further 
considered. 

The Aqueduct Commissioners voted adopt the last-mentioned 
site, which one mile and quarter above Quaker Bridge. 

made subsequently this decision disclosed that the 
rock strata, places, were found greater depth than was 
anticipated; hence, the excavation will deeper than was originally 
intended, and the bulk masonry will correspondingly larger.” 


160 
2 


SECTION 150L 


PROTECTIVE WoRK. 


Plate shows the general plan the protective work designed and 
built for the purpose enabling the deep excavation necessary for 
the main dam foundations carried with the smallest chance 
interruption from floods. 

The section the river wall which separates the new river channel 
from the main excavation shown Fig. This wall 600 ft. 
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long, and built the underlying gneiss, care being taken, through- 
out its length, make its bond with the foundation rock complete 
possible, particularly throughout that portion which comes within 
and forms part the main dam. Throughout this section, exca- 
vation was made the foundation rock considerable depth get 
below open seams and fissures, and during its construction consid- 
erable portion the foundation the main dam overlying the channel 
cut was laid the grade the channel, advantage being taken 
the necessary foundation work the adjacent river wall it. 

Fig. shows also sections the upper and lower earth wing- 
dams built, and their position, relative the main excavation cut, 
shown Plate The main lines 3-in. sheeting, which were 
relied upon the water stops, were carried down from ft. 
below the original surface. most the material which this 
sheeting was placed was coarse, loose gravel and sand, resort was had 
trenching, with sides temporarily sheeted, and the permanent 
sheeting, after being placed position, was driven heavy hand 
mallets down additional foot two. the east end the upper 
wing-dam, however, for considerable distance, the bottom was 
found quicksand, and the sheeting was put down, through 
considerable part the depth reached, means water-jet and 
heavy hand mallet. 

The crib-work designed protect the embankment toes from 
the great erosion expected case heavy freshet, while the 
extra sheeting and loading stone the lower wing-dam crib 
still further protection against the wash the discharging channel, 
which, extreme cases, might strong enough displace the 
loading and possibly cause slight movement the cribs which, 
such cases, are planned yield measurably outward without 
materially endangering the toe the embankment. 

While the river channel and these dams are carry 
emergency ft. water, more, may said that the present 
writing the deepest flow experienced through the channel has been 
This was due warm rain 3.6 ins., most which fell 
about hours, ins. snow lying deeply frozen ground, 
the month February. From this easy see that combina- 
tion resulting flow which would tax the channel 
its full capacity quite possible. 
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Before leaving the subject the protective work, attention 
called the somewhat extensive and perhaps seemingly permanent 
character its design and construction. This work involved, the 
construction the river channel, earth excavation about 100 000 
cu. yds., and rock excavation about 106000 cu. yds. The river 
wall and wing-dams include their construction: 


Refilling and Embankment 58000 


Rock Excavation 


While the cost the above work large amount (upwards 
$350 000), its proportion the total cost the dam, which may 
amount 000 000, not excessive, and must reraarked that 
portion will form part the permanent structure. 
seems have been justified account the very efficient protec- 
tion has afforded the extensive excavation work, both earth 
and rock, and the foundation masonry work, which have been carried 
along steadily for three years and which, the case the masonry 
and refilling, must continue for another year least before the dams 
will cease necessary. The extreme depth the pit, which 
the work has been done, below the river bed, 130 ft. 


This work involved preparation for foundation rock extending 
from about Station about Station 00, where the new 
river channel, formed connection with the protective work, 
merged into the foundation, and which varies width from about 200 
ft., the lowest point, about 130 ft. Station and 140 ft. 
Station 30, the line the back the proposed wing-wall 
(see Fig. 3). The necessary earth excavation covering this area was 
about 885 000 cu. yds., consisting largely loose sand, gravel and 
boulders with, however, the south end the pit, area 
hardpan excavation, this hardpan forming, considerable extent, 
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the slopes this end the excavation, and extending depth the 
extreme south end, the point junction the main dam masonry 
section with the core-wall, from the surface the bed rock about 
Elevation 130, above which was surmounted loose, fine sand 
reaching the surface. Figs. and are sections indicating 
various points the relative positions the different kinds earthy 
material which had moved, and the south end slope lines 
which the excavation was made. the case the gravel and sand, 
the slopes were horizontal vertical, and the hardpan the 
extreme south end horizontal vertical, with berm about half- 
way the slope; while the quarters, where the depth was consid- 
erably greater, the slopes and berms were varied somewhat, the end 
slopes were merged into the side slopes. laying out the slopes, 
consideration also had given the fact that the quarters, 
comparatively low elevation, the hardpan was underlaid with layers 
boulders and gravel which extended the bed rock dipped 
its surface between Station and Station 00, where 
reached the general level the rock the valley bottom. These earth 
slopes were all planned allow for berm ft. width, 
tlre rock surface, and this space proved necessary and useful 
further operations the rock bottom below, 

The slopes stood very satisfactorily, the whole, particular 
trouble resulting from washing sloughing, case the gravel 
slopes, long surface drainage outside the pit was properly 
controlled. the case the hardpan, steep slopes which combi- 
nation with the sand above and certain points with sand, gravel 
and boulders below, were, the maximum, 150 ft. the 
only trouble experienced was during the open winter 1897-98, when 
successive freezings and thawings caused the slope surface slough 
off successive thin layers representing thickness the depth 
each case which the frost had penetrated since the preceding 

The maximum width the pit, from the top the up-stream 
slope the top the down-stream slope, was about 600 ft., and the 
largest area cross-section excavation, above bed rock and parallel 
the trend the valley, right angles the dam line, was 
about 000 sq. ft. 

Figs. and showin plan and section the crest and toe lines 
the slopes and the location and elevation the berms the steep 
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slope the south end the pit. The line the masonry foundation 
also indicated and its connection with the core-wall. section 
137.5 L., Fig. shows the ordered and actually excavated slope 
the hardpan its highest point. 

very large amount this excavation, lying the south slope 
the valley and above the level the river, was removed steam- 


three which were use one time. The first work done 


sinking below the river bed was means large orange peel 
dredge, specially constructed for the purpose and used for the excava- 
tion the loose gravel and sand until the near approach depth 
bed-rock, and the necessity beginning rock excavation, demanded 
change methods, the dredge work was dependent certain 
depth water which work the bucket efficiently, while the rock 
excavation rendered close drainage necessary. For the further prose- 
cution this work resort was had for some time exclusively three 
cable-ways stretched across the valley longitudinally along the line 
the dam such transverse intervals cover the plan founda- 
tion. These cables were installed for the purpose aiding the earth 
and rock excavation and, ultimately, for taking stone and other 
material for the dam masonry. They were used for some time 
connection with the dredge above mentioned, and were turn supple- 
mented, when the rock excavation work assumed large proportions 
and there was considerable earth work remaining, railway inclines 
placed successively different points the side slopes and worked 
means stationary hoisting engines and cables. 

With the use railway inclines, steam-shovels were again 
operated, and large amount coarse indurated gravel, lying just 
above the bed rock the north end the main cut, was thus exca- 
vated, and, the excavation progressed toward the south end the 
cut and the hardpan was reached, was removed almost wholly with 
the aid heavy steam-shovels, although the slope trimming the 

south end and the quarters, and some bottom cleaning the 
rock surface, had done hand with the aid skips and derricks. 

Fig. Plate II, shows part the river wall and lower wing-dam, 
and the progress the main dam excavation September, 1895. 
The large pit shown was excavated mainly means the dredge, 
shown the extreme right, with considerable assistance from the 
cableways, for which the material was excavated hand into large 
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scale pans, and hoisted and transferred the foot the heavy slope 
shown the rear, where was dumped into cars. The levels above 
the pit, shown Fig. Plate II, were excavated with steam-shovels, 
and later, further progress was made into the hard material the 
great slope the south end the cut, steam-shovels were again placed 
ata lower level the pit and the inclines were used mentioned 
previously. Fig. Plate shows more particularly the steep slopes. 
the hardpan finally shaped, and Fig. shows more general 
way the side slopes, but some time after the excavation was com- 
pleted, when small amount had been done. Also, 
this time, cuts had been made the side slopes, forming berms 
which side tracks were laid, furnish supplies for the foundation 
masonry. Fig. Plate shows particularly the hardpan slopes 
horizontal vertical) and berms the south end and the 
quarters, well the underlying rock bottom excavated for the 
foundation masonry. 


The core-wall extends from the south end the main dam for 
distance about 430 ft. into the side hill. Its general section and the 
cross-section the trench excavated for are shown Fig. The 
maximum width and height this wall, which occurs its junction 
with the main dam masonry, are, respectively, ft. and 175 ft. The 
material excavated for the wall was hardpan above the limestone foun- 
dation within depth from the original surface varying from 
ft. ft. Above this hardpan were gravel and sand. The general 
extent, well depth excavation for this wall, together with the 
line limiting the top the trench excavation, are shown the 
profile, Fig. 

The trench walls were vertical, the sustaining power the hard- 
pan allowing the sheeting and bracing done after the completion 
the successful levels excavated, which levels varied from ft. 
height depth, according the depth the section trench 
then under excavation. stated, the hardpan, throughout the 
length this trench, extended the rock foundation, which showed 
considerable variation hardness and texture, and called for excava- 
tion considerable depths below the rock surface certain places 
before compact layers sufficient hardness were found. Fig. Plate 
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shows the rock bottom ready for the masonry the core-wall, 
well the sheeting and sides the trench for certain distance up, 
Station 80, 150 ft. from its junction with the main dam. 
this point the rock was sufficiently compact and necessary bearing 
strength, although not very hard, and the steps shown the inclined 
surface this foundation were made with picks and shovels. The 
depth which the rock was excavated varied from ft. 

The width the trench measurably greater than the thickness 
the core-wall, and the difference was liberally planned order that 
there should difficulty finding working room the bottom 
the trench remove the bracing and sheeting after the masonry foun- 
dations the wall were started. also gave proper opportunity 
place the refilling; which was the same material had been exca- 
vated, and was placed very carefully layers varying from ins. 
thickness, and thoroughly rammed hand. Advantage was also 
taken this extra width widen the footing lower courses the 
core-wall, thus increasing the bearing surface certain places where 
the rock foundation might possibly call for it, and the section shown 
Fig. taken one these points. 

the thickness this wall, which will noted somewhat 
massive, varying from ft. thickness the top ft. the 
lowest point, may said that the wall was purposely designed not 
only water-tight screen reaching from bottom surface between 
the upper and lower sections the enclosing embankment, but also 
afford substantial resistance any overturning crack-produc- 
ing force which might caused the course time the satura- 
tion the up-stream bank and its consequent increase unit weight. 

The maximum depth sheeted vertical trench cxcavation, includ- 
ing the depth excavation the foundation rock, was ft. This 
point was Station this point the top the vertical 
trench was ft. below the original surface the ground. The earth 
material above the core-wall trench level was excavated steam- 
shovel; below, the trench proper, was excavated pick and 
shovel, and removed derricks. Black powder was generally used 
sinking the trench, the lower levels particularly, loosen the hard- 
pan, and was used very extensively for the same purpose the 
main cut, both for facilitating the work the steam-shovels and for 
all handwork done the removal hardpan. 
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OvERFLOW EXCAVATION. 


the present writing, the completed overflow foundations, 
embracing length 750 ft., extend along the side hill the north 
side the river and finally abut the rock the hill the upper 
end. 

This rock foundation entirely country rock, gneiss, and the 
amount superimposed earth was not large, and was mostly sandy 
loam the surface, with underlying gravel. 

Fig. shows profile the earth and rock excavation well, 
and Fig. are shown representative cross-sections, indicating 
more clearly the extent which rock excavation was found necessary 
insure fairly tight bottom. The rock was full seams and faults, 
and considerable depths had reached certain points order 
that open seams running across the line the structure might fol- 
lowed until they pinched out. The extensive rock excavation the 
front this foundation work, shown the cross-sections, was neces- 


sary provide the waterway leading from the spillway bottom the 
old river-bed below the main dam. 


Rock AND FOR THE Dam. 


stated the general description the dam, the rock the 
north side the valley, the steep side hill, cropped out points 
very near the surface. was formed gneiss, considerably fissured, 
but generally sound after reaching certain depth the ledge. This 
gneiss extended the line the old bed the river, where its depth 
below the surface was much greater, being about ft. The section 
under consideration was found well broken near the surface 
open seams considerable width, varying from ins. cases. 
Such seams were filled with earth, and extended all directions. 
There were also some strata rock, more less disintegrated. 
These varied from ft. width thickness, and were remov- 
able with pick and shovel for some depth from the surface. The dip 
and strike this rock were about the same that the limestone 
beyond; the dip being nearly vertical and the strike following the line 
the right angles the dam. 

Under and beyond the river-bed, the character the rock changes 
entirely, being composed wholly limestone. The two rocks were 


A 


FOUNDATIONS NEW CROTON DAM. [Papers. 


separated well-defined, nearly vertical layer shale, black 
color, especially the up-stream side, friable the surface, but 
becoming harder few feet below, particularly the down-stream 
half the foundation. The welding the two main rocks, the 
gneiss and the limestone, with the shale, appeared quite com- 
plete the depth excavation finally reached. The surface the 
limestone, from the point junction toward the south, was nearly 
level for distance about 400 ft., until reached well into the other 
side the valley, where rose gradually with the south slope. The 
limestone varied greatly character throughout the extent uncovered. 
places was sufficient compactness and water-tightness answer 
for the foundations the structure. places the general char- 
acter was diversified belts varying width which were either full 
eroded seams, through which water was found flow freely when exca- 
vation was progress, masses stone broken seams running 
all directions, which were filled with mud. addition, there were 
other well-defined belts, and all followed the general dip and strike 
the rock, which, the case the dip, was nearly vertical, and the 
strike, right angles the line the dam following the valley. 
These last belts were partly disintegrated, finely granulated lime- 
stone; were very well-defined and the surface were easily removable 
with the pick; and grew harder and more compact with increased 
depth excavation. These fissured, eroded and granular belts seem 
form three distinct classes into which the bad features this lime- 
stone bottom may separated. 

The different fissures developed many erosions certain cases and 
were found various points through the limestone stretch the 
foundation, being larger and closer together the junction with 
gneiss was approached. These fissures, while well defined, were 
varying widths, developing line erosions generally through very 
hard limestone. 

illustration the eroded seam, one case developed into 
cave the location and existence which were noted tracing 
narrow, horizontal seam the rock near the surface, about Station 
along the strike This seam was fairly solid 
rock, and clear water flowed from it. the excavation along the line 
this flow toward the up-stream side the dam progressed, there 
was found asharp downward dip, and the flowing stream soon required 
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for its management subsidary pump. The seam enlarged into 
erosion filled with sand, which, was followed, developed into 
cave about ft. ft. section. This led under heavy mass 
solid rock and beyond the up-stream line the dam founda- 
tion. Connected with were found, the sides and the roof, other 
erosions which were traceable nearly the surface the rock within 
the limits the dam foundation, and which, the up-stream side, 
outside face limits, one case penetrated the rock surface, where 
showed narrow and somewhat prolonged fissure.* 

While all the eroded fissures showed flows water varying 
degrees, several such were found which developed into strong springs, 
which special care had taken. One, particular, was 
found the excavation the rock deepened, limited and defined 
erosion solid rock or7 ft. diameter about Station 
near the up-stream side. The flow here was continuous and heavy, 
more than filling the 10-in. pipe which was first placed receive it, 
and afterward, the spring hole was welled the foundation 
masonry, rising with this masonry and the pipes which were the 
same time placed connection with the well, height ft. 
above its source before was found advisable and expedient attempt 
fillit and block off. particular and detailed account all the 
operations connected with this spring will found the particular 
description the treatment the rock bottom. 

the granular belts referred to, the excavation them was 
carried down until the surface exposed was very compact. These sur- 
faces were afterward tested for bearing power means arrange- 
ment especially designed for that purpose and shown Plate 20. 
Further allusions these belts will also found later. 

limiting the extent the excavation vertically, the end aimed 
was reach rock sufficiently free from seams, and solid enough 
afford all the bearing strength necessary sustain the superimposed 
masonry and resulting pressure. The result involved very large 
amount deep rock excavation; the depth one place being ft. 
before satisfactory compact rock was found. not assumed that 
there may not some tendency upward pressure through some 
the fissures which remained after the excavation was completed, but, 
will described later, every effort was made and every precaution 


detailed description this cave will found further on. 
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taken fill them, and may conceded that should upward pressure 
occur some cases must reduced the very small area pres- 
ented the mouth the fissure question the bottom layer the 
dam masonry, this area forming very small proportion the greater 
area against which upward pressure might expected. 

the possibility percolation under the dam, that question 
would more important the rock bottom were exposed the direct 
contact the water the reservoir, but must borne mind 
that from the lowest point the foundation the main dam the 
top the back-filling above, there will compact filling about 
150 ft., this particular case, which, while extreme, not different, 
excepting the great depth, from the condition which will obtain 
along the whole length the masonry dam. 

This question possible percolation will further considered 
connection with the chapter Pumping.”’ 

important and peculiar fact that, throughout the rock ex- 
cavation the whole foundation, case did the numerous test 
holes, drilled the vicinity seams and erosions, strike any openings 
seams rock which were not easily traceable some continuous 
natural passage the surface the rock under preparation for the 
foundation. words, may fairly claimed that the exist- 
ence all open seams lying within ft. the dam the 
various bad sections are traceable from natural indications the sur- 
face. is, therefore, assumed that all such seams were found 
and properly noted. reference the contour plan, Plate IV, 
will show that the variations and character the limestone, and the 
necessary excavation, were much greater nearer its junction with the 
gneiss than the south end, where, with the exception few 
eroded seams, the rock nniformly hard and compact, and required 
but comparatively little excavation the surface. would seem 
that some time the disturbance the limestone formation must 
have been considerable; the greater part occurring near the point 
junction. From developments indicated comparatively small 
amount excavation this part the limestone foundation, and the 
fact that the general character this bottom was naturally considered 
important matter, was deemed advisable, during the excavation 
the first section the bad rock, which lay Station 50, 
consult specialist the general condition which limestone 
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ledges might expected found under the prevailing conditions, 
and Professor Kemp, Columbia College, was consulted, and his 
attention was called particularly the question the probable ex- 
istence caves and similar openings under the general rock surface. 
The following his report, which introduced here being 
interest under the circumstances 


Mr. 
Chief Engineer, Aqueduct Commission. 

Dear reply your letter the 12th, requesting 
report also upon the probable condition the limestone under the 
site the dam, append the following report two days ago. 

The limestone undoubtedly more less fissured precisely 
the gneiss and expected regions where the rocks have 
been upturned vertical position. 

Such small cracks cannot course avoided and, understand, 
are not matters serious concern. They are the ones that now show 
the walls the pit and that let the water all probability from 
the overflowing water-soaked sands and gravels. 

tothe presence large caves, several feet across more, and 
great length, the opinion that their existence improbable, 
and improbable not give occasion for special treatment. 
think the points For and Against them may stated follows: 


New May 14th, 1896. 


For. 

The rock limestone, and caves are practically limited 
limestone; other soluble rocks being rare with us. 

Mr. Value has been impressed with the fact that the water 
trickling into the sump has diminished the pit has gone deeper. 
The inference has been suggested from this observation that the water 
has run away into some underground cavity. (See further under 
below.) 

third point stated and discussed under below. 


AGAINST. 


Caves only form above the level the ground-water well- 
water, because only freshly rain sufficiently charged with car- 
bonic acid strong enough solvent serious, and because 
only water this situation flows rapidly enough produce profound 

The ground-water stands too still, and too soon becomes 
saturated with lime, effective. The present position the rocks 
below the zone which caves could form, and practically as- 
sured that none have formed since they assumed this position. 
any have formed, they must have done when the rocks 
stood higher position and above the ground-water. all believe 
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that this whole region was much elevated during the Glacial period, 
and cannot denied that conditions may have been favorable 
that time. Some superficial decay apparently took place, shown 
the sandy streaks the limestone, but after this time strong 
stream must have flowed over these rocks have availed deposit 
the heavy burden sands and gravel that rest upon them, and any 
such cavity existed near the surface the probability strong that 
has been packed full sand. 

The rocks stand vertically, and all underground drainage 
circulation must tend follow their bedding planes much more than 
cross them. would infer from this that any cavity would 
long and narrow and not easy thing locate with drill. 

hollow sound, far know, has been noted the work 
the pit, when picks, drills the descending boxes from the cables 
have struck the bed-rock. 

case the water has diminished, observed Mr. Value, 
think due the partial exhaustion the neighboring gravels, 
for the weather has been dry and rainless for long period, rather than 
any cavities under the bottom the pit. Such assumed cavities, 
being 100 ft. below the level the Hudson River, and having 
stood for indefinitely long time under wet gravels, must have been 
long since filled with water. 

All the experience, far know, that has been gained 
quarries these limestone belts New York and the neighboring 
parts New England, has shown caves extremely rare. as- 
sistant mine has recently had occasion visit every one them, 
and only met one small cave, which was Hastings. course 
there may others, and aware the existence large cave 
near the Twin Lakes the northwest corner Connecticut, but, con- 
sidering the abundance the limestone areas, they are certainly rare. 

For these reasons regard the probability their existence under 
the site the dam remote. 
Very respectfully yours, 


order explore this limestone bottom more completely, was 
found advisable drill few test holes These 
were accordingly undertaken certain points the bottom where 
was nearly ready for the masonry, and their location, direction and 
depth, are shown the contour plan. 

extended account and description the excavated rock bottom, 
for the main dam foundation, referring particularly the limestone 
bottom and the various changes and characteristics shown this 
rock, can found report made the author the Chief Engi- 
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neer the Aqueduct Commission, which, for the purpose 
record, all the facts are noted considerable detail. Constant 
reference had Plate IV, which plan contour the finished 
rock bottom between Station and Station and which shows 
contour elevations intervals ft. are shown also, means 
cross lines, the limits the different belts the rock, and the 
heavy dotted line shows the neat lines the dam foundation masonry. 

The shale seam, separating the gneiss and limestone, lies Station 
varied width different points, but grew narrower and 
more solid the depth excavationincreased. Fig. Plate III, shows 
the shale the face the cut and the trench bottom the left, 
where, however, the excavation shownis unfinished. The viewis taken 
looking stream. 

The next the series belts into which the foundation may 
divided, and which are measure indicated the profiles the 
finished bottom shown and Figs. and extends from 
Station Station 70. Its character, when the excavation 
was about completed, shown Fig. Plate and Figs. and 
Plate The contour plan, Plate IV, shows the number and depth 
the search holes drilled preparing the bottom for masonry. 
this case they followed principally the lines the erosions the hard 
rock bottom. 

Next beyond lies section, showing also Fig. Plate between 
Stations and 20, and forming solid ridge hard, com- 
pact limestone, requiring but little excavation, comparatively. 

well-defined narrow seam along Station illustrated 
Fig. Plate VI, showing its down-stream end. Its up-stream end 
developed upon excavation into the cave previously referred to. Fig. 
Plate VI, shows the cave opening Station The pump and 
suction hose use arealso shown. suction hose and another line, 
the same size, were built the masonry when the tunnel was filled 
up, order that the necessary drainage from sump hole, placed out- 
side the upper line the dam the lowest point the tunnel 
reached, might maintained. The length the cave excavated and 
filled tunnel was about The floor very hard and solid rock; 
holes traced ft. deep found openings below. The masses rock 
the top and sides are all solid, showing few open seams, except 
that the seam between the cave floor and the right side wall may have had 


| 
| 
| 
| 
| 
q 


GOWEN FOUNDATIONS NEW CROTON DAM. [Papers. 


open connection with the low point the excavation Station 
35, R., where, grouting, later, there were some indications 
open passage between the pointsin question. this was indicated 
the pump from the sump Station 62, R., throwing out 
grout which was being pumped the point noted, not all 
certain that the line communication between the two did not lie 
mostly outside the dam foundation. 

facilitate the work filling the cave, small shaft was sunk 
Station 73, strike one the subsidiary caves found 
the upper line the dam. Two other and smaller eroded chambers, 
leading into the roof the main cave, were also found. These spaces 
were all filled, within the lines the dam, with rubble masonry, or, 
the case the two small caves shown plan the contour plan 
Station 70, and Station 78, with well-packed small stone, 
placed from above through openings made for the purpose the over- 
head rock, and then filled with grout. 

The sections and sketches opposite Station 70, Fig. show 
the location and extent these various caves, and may noted 
that filling the main cave and the branch cave, entering 
above the main cave roof from above the up-stream line the founda- 
tion masonry, care was build this masonry filling ft. beyond 
the limiting line. The large cave beyond the line, was found 
about sand and gravel when was reached from the tunnel 
and the small shaft sunk its roof. evident that originally the 
space had been solidly filled, but that the cleaning the tunnel, and 
the pumping the heavy water flow had caused the partial emptying 
the filled space beyond. was refilled later, after the masonry 
filling had been built, washing gravel down from the slope outside 
through openings made the surface the rock for that purpose. 

seam hard rock with many erosions connected and extending the 
deeper holes excavated the ends. Plate VI, shows the left 
the deep excavation the down-stream end. Beyond this seam lies 
Fig. Plate VI, the extreme left, where the ladder resting 
against when the excavation was completed. was tested for 
bearing strength apparatus shown Fig. 10. This apparatus 
consists cylinder loaded with shot necessary produce 
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the required pressure upon its bearing point, circle in. diameter. 
This was applied carefully and repeatedly the surface question 
different points, and the results indicated that the bearing power 
the surface was ample the limit the test, which was 250 
lbs. the square inch. 

second but much narrower section the soft granular rock just 
mentioned short distance beyond. This shows Plate VI, 
from ft. width, and beyond this wide stretch bottom 
shown the plan being composed alternate strata ‘‘soft and 
granular limestone and hard eroded limestone.” this the most 
extensive and deepest excavation occurred. Figs. and Plate VII, 
which are views looking stream, illustrate the character the exca- 
vation. Fig. Plate VII, shows the deepest point reached, e., Eleva- 
tion—80.4 below datum. Figs. and Plate VIII, show the character 
the rock the same vicinity more detail, and the location 
some the erosions through which excavation was made. Fig. 
Plate VII, shown the spring hole Station 93, with the iron pipe 
use convey the flow. 

The sloping bed rock shown Fig. Plate VII, extends quite 
across the dam; and beyond it, Stations 40, lies hard bottom, 
reasonably free from seams and erosions, and calling for but little 
excavation. Between Stations and occurs deep, well- 
defined seam, series erosions, shown the upper end Fig. 
Plate IX. This photograph shows also the general character the rock 
bottom both sides this seam, and Fig. Plate IX, and Fig. 
Plate show still further the south, and the junction the 
main dam with the core-wall. This part the bottom calls for little 
comment, although seam showing Station 60, and extending 
partly across the foundation, shown nearly ready for masonry 
Fig. Plate 

addition the search holes, which were numerous, and were 
from ft. depth, was thought advisable drill few 
test holes considerable depth. They were accordingly undertaken 
certain points the bottom where was nearly ready for masonry, 
and their location, direction and depth are shown the contour 
plan. The first, No. was located Station 68, 103 
Length drilled, 48.4 ft.; direction and dip indicated the black 
arrow ending 52,100 No. was located Station 
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Length drilled, 100.6 ft.; direction and depth indicated 
Station Length drilled, 100.6 ft.; direction and dip 
located Station 50.5, 75.8 L., and was drilled vertically 55.6 ft. 
deep. 

The three inclined holes were drilled May, June and July, 1897, 
while the sump hole Station 50,10 L., the bottom which 
was Elevation —67, was use. They were inclined order 
cross the vertical seams, and better the chance finding large 
erosions caves. The results did not seem indicate anything 
more extensive the way erosions than had already been found 
the excavation for the first bottom formed between Stations 
and and was some time later the season that the 
tion its regular progress developed the location the large cave 
which attention has been called. 

The profiles, Figs. and show the excavation necessary get 
below the loose and open seams, which places was considerable, 
the seams separated the rock into heavy solid masses which they 
bounded all sides. The bottom reached was solid, compact and 
tight. the date writing, narrow strip this bottom, close 
the river wall foundation, remains excavated. This was left, 
when the great bulk the work was completed, as, that time, 
furnished the foundation for then use. This remaining 
strip about ft. wide, and, with the section the overflow bottom 
now under process work, completes all that incomplete the 
foundation excavation the whole dam. 


GROUTING AND GENERAL TREATMENT THE 


Upon the completion the rock excavation any particular 
section the bottom, which work included many places pro- 
longed and tedious barring out and cleaning shaky loose 
pieces rock, the bottom was washed down and thoroughly cleaned 
streams water under heavy head; and operations were then 
begun clean out all erosions and open seams showing the 
surface, and trace them out thoroughly and possible 
drilling numerous holes varying depths their vicinity. 


All erosions and open seams were, rule, filled with Portland 
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cement grout mixed with fine sharp sand mixture 
according the grout was pumped poured. the case the 
rubble masonry mortar was used filling the large 
opening, while some smaller erosions the spaces were thoroughly 
packed with small stones before the grout was poured in, and, one 
two exceptional cases, American cement was used for the grouting. 

The drilling the rock bottom for grouting and search- 
ing purposes was begun soon the first section bottom was 
excavated. Air drills were used, and were fed from the pipes used 
for drills work the general excavation. all, about 700 
lin. ft. holes were drilled. They were about ins. diameter 
the rock surface, decreasing somewhat the depth increased. These 
holes were all depths about ft., according 
stances. Whenever was found impracticable inadvisable pour 
pump grout into holes erosions before the adjacent masonry 
work was started, vertical pipes, generally ins. diameter, were 
placed and were then built around with the masonry 
such height was necessary. case holes erosions showed 
flow water, such openings were also provided with pipes placed 
proper inclinations lead tosome drain center sump hole near by. 
most cases the erosions, and majority cases the drilled holes, 
were piped, was found more convenient and practicable pump 
grout under heavy pressure into openings thus prepared and sealed 
and covered with masonry carried some convenient height. Old 
steam-piping was generally used for this purpose, and, while the 
diameter was generally ins., other and larger sizes were sometimes 
provided, and the bottom hard tile piping was times used 
carry water flows. the case the heavy spring Station 
large-sized, galvanized, riveted pipe was used connect with the 
spring the foundation masonry was built up, and the cave 
Station was found necessary build into the filling masonry 
two 10-in. galvanized-iron suction pipes which were afterward filled 
pumping grout. 

Whenever grout was pumped No. Douglass deck pump was 
used. The grout was mixed hand boxes made for the purpose. 
The suction and delivery hose were each ins. interior diameter, coup- 
ling 2-in. holes the pumps and also 2-in. nozzle, the outer 
end the discharge hose, made short piece steam pipe. When 
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use, this nozzle was either set well into the pipe leading the 
channel grouted and carefully packed with waste and old bag- 
ging, or, some cases, was coupled the grout pipes the use 
screw threads and couplings, cut and furnished for that purpose. 
From four six men were used the pump handles, according the 
resistance experienced forcing the grout, and the pressure developed 
was sufficient cases burst the hose while still forcing appreciable 
quantities grout flow. preliminary grouting any hole 
section, care was always taken flush the pipe and passage very 
thoroughly with water under heavy head; system pipes leading 
from the Old Aqueduct, which was elevation from 200 250 
ft. above the main dam foundation, furnishing all the facilities for this 
purpose. 

The contour plan, Plate IV, shows the position and extent the 
various fissure erosions, cave and springs treated together with the 
location and depths all holes drilled the process tracing out; 
and also figures showing the number bags cement used 
grouting various places. 

The first section grouted was between Stations and 70. 
The search holes drilled had many cases established connection 
with the lines erosions showing the bottoms, and most the 
holes were filled the flow from holes adjoining. this section 701 
bags Portland cement (175 bbls.) were used, mixed with sand 
All erosions any size were filled with small stones before being 
treated with grout. 

The next section treated was along line 70, and included the 
which, after being cleared gravel and having control the 
water flow, gained means 10-in. double Worthington pump 
500 000 galls. per hours), was filled with rubble masonry laid 
Portland cement mortar. The sump-hole was established outside the 
line the dam about and its location has been shown the 
ends the two suction pipes which, stated, were left and built 
around solid with masonry. The larger pipe was the one used con- 
nection with the 10-in. pump. The second pipe was placed about ft. 
higher than the other and was provided order that drainage might 
maintained case the lower pipe should clog with sand gravel 
during the filling the cave. third pipe ins. diameter, 
reaching partly through the cave, was laid the bottom below the 
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lower suction pipe and reached tothe sump-hole. was used take 
slight flows from the walls and floor the sump, and was also built 
when the cave was filled. During this process ‘the lower suction 
became clogged and the pump was connected temporarily with the 
upper pipe, while stream compressed air was blown through the 
3-in. pipe. This freed the outer end the lower suction which was 
again put use, and further trouble was had with it. 

Fig. shows cross-sections the cave various points. The 
section shows the left the connection with the long oval- 
shaped pocket shown the plan Station shows 
the right connection with smaller pocket Station These 
pockets were comparatively deep, and plainly showed erosion between 
the solid stratum forming the cave roof and the somewhat softer stone 
each side. The section 125 shows the average cave section 
inside the masonry lines. R., just outside the up-stream line, the 
cave abruptly enlarges, reaching nearly the rock surface, while 
374 R., the section somewhat smaller apparently, although was 
not free enough gravel and sand show that clearly. 

the cave was cleared out was heavily timbered the roof for 
the protection the workmen from the possible fall detached 
pieces rock, and, when was reached, timber bulkhead about 
ft. high was built retain the gravel slope lying the fissure 
beyond. was also use forming the outer wall the sump- 
hole which was located the extreme right the cave where the roof 
was low. shaft ft. square and about ft. deep, between 
Stations and 75, was sunk reach the roof of.the enlarged 
cave section which, this point, ran back about ft. from the outer 
neat line the dam, re-entering for that distance over the roof the 
cave proper and near the rock surface. The masonry filling began 
close the bulkhead line, R., and was carried that line verti- 
cally the surface through the 6-ft. shaft which was excavated for 
that purpose. this filling progressed the cave, working toward 
the center the dam, the timber was gradually removed with the 
exception two 12-in. range timbers which extended throughout 
its whole length and which were built in. small shaft was sunk 
into the roof the oval-shaped pocket the left, Station 78, 
and when the cave masonry below had been built the general roof 
level this pocket was filled with small stones and then grouted, taking 
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forty-eight bags cement mixture). The smaller pocket 
the right was packed with stones from below and grouted through 
inclined drilled hole ft. deep, taking eight bags cement 
mixture). Other inclined holes were drilled this vicinity—12 
ft. depth—in search for further cavities. 

the pump ends the suction pipes they were built in, 
reducers and 2-in. iron pipes were finally attached, and the water from 
the sump-hole outside was allowed for long time flow through and 
was conducted temporary sump-hole near the center the work. 
while the masonry was gradually built up. these pipes were raised 
higher, this flow finally stopped, the back-filling the up-stream 
side then place was not sufficient prevent the flow from finding 
outlet the up-stream sump the south. These suction pipes were 
grouted when the masonry and connecting pipes had been raised about 
ft., bags Rosendale cement mixture) were poured into 
the lower and longer pipe, filling it, then bags Rosendale cement 
were partly poured and partly pumped into the upper and 
shorter pipe. The pumped material was forced through the back 
filling the up-stream side and this caused temporary stopping 
the experiment. Some time later (about year), bags more were 
pumped in, and the hole was blocked, sign this grout showing 
this time the up-stream back filling, which, the meantime, had 
been carried much higher. the narrow, eroded seam lying along 
the line from Station 32, stream, Station down 
stream, 300 bags (75 bbls.) cement were used, the grouting showing 
least connections between adjacent erosions and search holes the 
seam was pumped full. 

Beyond, between Stations and 10, and partly including 
bottom which was hard and solid, but full open seams and ero- 
sions, and distinguished some solid masses which rose above the 
general surface, great many pipes were used, and large quantity 
grout was pumped in. 

The next bottom section, covering the lowest point reached for 
foundation, was drilled and treated usual, but the extreme low bot- 
tom the up-stream side took but little grout except along the line 

the down-stream side will noted some lines erosions into 
which considerable grout was pumped. 
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But little grout was used beyond this bottom until the eroded seam 
between Stations and was reached, the spring hole 
Stations was not treated grouting. 

The erosions along the line were drained sump-hole 
during the excavation, while the bottom masonry was being laid 
and the drilled holes and erosions were being piped. well was there- 
fore gradually built this point, reaching depth height 
about ft. before the grouting work was started. The holes the 
seam between the well and the up-stream side were grouted pump- 
ing before the well had reached this height, there was con- 
nection between them, the water the well coming wholly from 
the other direction. When the well was ready the drainage pump 
was taken out and the drainage was maintained pump attached 
the in. pipe shown 165 This pipe was just outside the 
down-stream toe line the dam, and had been placed and used 
for drainage well while the rock excavation its vicinity was 
being made. 

The main well hole, was built up, places had its down- 
stream face built stones laid dry, order that seams the adjoining 
rock might not shut off from the grout later, well allow 
free passage the water the suction pipes. pipe was also 
built into this well, reaching its lowest point and connecting there 
with seams the rock. 

The well was filled with bags Portland cement mixture) 
poured in, and was evident from the water which was forced from 
pipes nearby, notably that the was reaching the seams 
and passages that direction. the grout was poured the well was 
gradually filled with small stones collected for that purpose, After 
more grout could poured bags cement mixture) were 
pumped into the pipe placed its corner. The grout pump was then 
tried each pipe turn working toward the down-stream side. ‘The 
grout was forced gradually into the 5-in. pipe, the pump which was 
stopped when the grout trace became marked. This pipe was filled, 
that the water flow ceased through it, pumping the spring 
holes near 158 Later, after the pump was discon- 
nected, was completely filled pouring bags cement 
mixture) into the top. this time, the water which had flowed 
along this seam was blocked off entirely and had forced its way 
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the surface the down-stream gravel slope elevation consider- 
ably above the top the 5-in. pipe. 

Beyond this seam, little grouting was found necessary until Station 
was reached, where the seam developed the course the 
rock excavation showed some traces erosion the solid vertical 
face left the north side. The nearly horizontal open seam reach- 
ing under this vertical face showed few springs, and two places, 
and 126 L., and bags cement mixture), respectively, 
were pumped in, and smaller quantities other places. The spring 
The grouting nearer the down-stream side gradually drove the water 
outside the masonry limits. Six holes, ft. depth, were 
drilled the line this seam near the up-stream side, but further 
traces were not found. number pipes were placed between 
and L., Station Station 40, above and along very 
narrow but somewhat open seams masses solid white rock, and, 
the bottom masonry was laid, these pipes were connected cover- 
ing the seams with small spawls laid dry. The pumping afterward 
done indicated free flowing between the pipes, and considerable por- 
tion the grout must have been used fill channels thus provided. 

The same remarks apply the piped seams from L., Sta- 
tion Station 10, where the open seams were most cases 
fine that they could have taken but little the grout pumped. 
wider seam Station 75, L., was piped and took appre- 
ciable quantity, shown the plan. There were signs 
erosion there. 

The drilled holes, ft. deep, between Stations 30and3 
60, practically took grout. Neat cement was pumped into them, 
and the amount taken was only about enough fill the holes. 

They were drilled, the rock, though compact and fairly solid, 
was full short heads and tight seams, and was thought best 
make sure that the seams were looser below. 


was first proposed grout this spring, well the others, but 
circumstances led finally different course treatment this case. 
The flow from this spring was heavy. When first uncovered was 
with bag dam and piped shown Fig. Plate VII. The 
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pipe was diameter, and the flow was sufficient back 
against the pipe the entrance. The inclination the pipe, however, 
helped the flow, and its lower end the pipe was about half full. 
was unfortunate that gauging this flow was ever made, but, with 
many other springs and flows about, was overlooked. 

This flow was carried through this pipe for some months until the 
work had reached the spring level, when was taken 
12-in. iron pipe laid the masonry sump-hole this time 
established near by, outside the up-stream face which had been car- 
ried about ft. above the lowest point the rock bottom. 
Later, another 12-in. pipe was laid from slightly higher elevation 
through the masonry outside the face the dam. This pipe was con- 
tinued with 90° elbow, and, after plugging the lower pipe, short 
vertical lengths pipe were added which the point dis- 
charge was gradually raised the masonry forming the well above 
the spring was carried ahead the discharge pipe. This arrange- 
ment also allowed the back-filling against the up-stream face 
carried conveniently without impeding the flow the spring 
filling with earthy material. The head the spring was reached 
about Elevation 20, when the flow which had been gradually dimin- 
ishing ceased. This was about ft. above the rock bottom the 
spring hole and ft. above the outlet pipe which this time had 
served its purpose for months while the masonry was building. 
The section Fig. shows the above-described features, well 
the partial location and trend the open fissure leading from the 
spring hole. This fissure showed the well hole considerable sec- 
tion; its direction was down stream with downward horizontal dip. 
Viewed from above the well hole, the bottom was full well-washed 
gravel stones comparatively small size. the passage was always 
full water flowing swiftly, could not well explored, but the 
line drilled holes shown the contour plan from ft. 
depth was used locate its position and direction far practic- 
able. Five these holes reached the fissure connecting seams and 
were piped with 2-in. pipes until the head the spring was reached. 
The additional sections shown Fig. are from the results these 
borings. When the well had been built Elevation was de- 
cided seal it, carry higher involved unnecessary complica- 
tions with the masonry work. was ft. square. 3-in. iron pipe 
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was placed one corner and reached nearly the bottom. large 
flat stone was lowered, and tag and guide ropes placed 
partly cover and shield the 12-in. pipe opening. Its position was di- 
rected sounding with plummet and wire line, and two trials only 
were necessary place the stone properly. The well was then filled 
Elevation 47, about ft. above the outlet pipe, with clean 
spawls, the larger sizes being placed the bottom and gradually 
diminishing the size concrete material the top. These stones 
were lowered place box built fit the well with bottom 
which could tripped open. The same box was used continue the 
filling with concrete, Portland cement the proportion gravel, 
sand and cement being used. The dump box had capacity 
cu. ft. The first batch concrete was mixed dry and was placed 
the box sheet canvas which covered the bottom and sides 
the interior, and formed tight bottom for the concrete mixture when 
was dumped. The dumping the concrete was continued dili- 
gently until had risen about ft. This work had not any way 
disturbed the flow through the outlet pipe which showed discol- 
oration due cement gravel, and examination the 3-in. pipe 
the well corner indicated that the sealing was complete, the dis- 
placed water the well was overflowing the top, while the water 
the 3-in. pipe remained stationary. This was further shown the next 
day when the well was bailed out nearly dry facilitate its further 
with concrete. When filled the masonry work above and 
around the well was resumed, but the 3-in. pipe was carried with 
the others until the head the spring was reached. 

The four 2-in. pipes furthest away from the well hole took water 
freely. They were about ft. long. The water from the spring rose 
the line pipes Elevation about below their tops. 
was question whether grout could poured successfully through 
much water, and the first pipe tried, L., the grout clogged 
half-way down the pipe, owing, apparently, some roughness due 
carelessness joining the sections the pipe. This was washed 
out flow water pumped through pipe, and the pipe was 
cleared. 

was then suggested that effort made fillthis erosion with 
plastic clay driving through the pipes. This suggestion came 
from the contractors, who had used clay fill cavities under some- 
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what different conditions. Arrangements were made try this 
method, and small pile-driver with 000 lb. hammer was set 
over the 2-in, hole 

piece 3-in. steam-pipe, about ft. long, was used first 
receiving cylinder, and was connected the 2-in. pipe which 
projected above the masonry about ft., with strong reducing coup- 
ling. The follower used was steel rod, the length the cylin- 
der, turned fit closely its full length. was welded its upper 
end lengthening rod, slightly smaller diameter, which was 
fastened its upper end wooden cross-head, designed work 
the guides the pile-driver and take the blow the hammer. 

Blue clay good quality was used, and was made plastic with 
water and thorough working and pounding into boxes ins. deep 
and hold cu. ft. These boxes were limited dimen- 
sions simply for convenience keeping record the clay used. The 
clay was then cut into ins. long and ins. diame- 
ter shovels which had been bent and sharpened for the purpose. 
often the shovel was used cut was dipped pail 
water order lubricate its surface and free itself for the next 
cut. The sausages were passed the pile-driver boxes holding 
and the amounts clay thus determined were used for the pur- 
poses record, and later, were reduced cubic yards. 

The first hole tried was one which took water very slowly. 
starting the clay driving, the machine worked very satisfactorily, 
but the clay drove hard and only cu. ft. were driven all; proba- 
bly not much more than enough fill the pipe, which was about 
ft. long, and the fissure its bottom. The next hole tried was 
was also slow water hole. Into this 332 lbs. clay were 
driven, with the 3-in. cylinder, everything working hard, and 18- 
in. drop the hammer being necessary. was then decided 
change the 3-in. cylinder for 2-in., with, course, correspond- 
ingly smaller piston. This piston proved somewhat loose its 
fit, but the driving continued very hard and only clay 
addition, were put into this hole. 

The driving was then resumed the hole L., the 3-in. cylin- 
der being again used while new piston was being fitted for the 2-in. 
The hole took water very freely, and 200 lbs. clay were 
driven easily, using ft. drop. The next 200 Ibs. went harder and 
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required 3-ft. drop before was change was then made 
the 2-in. cylinder and piston, but the difficulty driving seemed 
increase although drop ft. was given the hammer. With this, 
only more were driven in, and then the pipe split between the 
coupling the foot the cylinder and the masonry. repair- 
ing this break driving was resumed, with 4-ft. drop the hammer, 
for hours and very little clay was gotten in, when was noticed that 
everything worked more easily and drop only ft. was necessary. 
the course another hours less drop was used and cracks began 
noticed the surface the masonry radiating from the pipe 
use. Further effort confirmed this, and, the next day, observations 
with level and transit, during short period driving, which lbs. 
were easily put into the hole, showed distinct and appreciable rise 
the masonry surface. all, about 150 lbs. were driven this 
pipe after the split had been repaired. 

Leaving the upheaved masonry investigated later, the driving 
was transferred the 3-in. pipe which had been built into the well 
Station was filled up. There was question about free 
flow through this pipe and plumb-bob dropped readily found 
bottom the well below the known elevation the bottom the 


pipe. However, view the difficulty experienced driving clay. 


through the 2-in. pipes already tried, was thought advisable 
make test determine what extent, all, skin friction inter- 
fered with the passage the clay. 

The 3-in. cylinder was therefore connected quarter turn with 
ft. 3-in. pipe resting surface. Atthe further end 
another quarter turn and length pipe gave opportunity fit 
poppet valve, which was set lbs. per square inch. The pipe 
was then filled with water, and clay was gradually forced from the 
cylinder end. was found require force beyond the weight 
the hammer without impact and the water was forced through the 
poppet valve fast the clay was pushed the outer end. Later, 
284 ft. 2-in. pipe and ft. 14-in. pipe were joined the 3-in. 
pipe and the valve fixed the outer end. Under these circumstances 
took drop about ins. force clay the extreme end and 
through the valve. examination the clay was forced from 
the ends the various sizes pipes showed clearly that, under even 
very slight compression, the water driven the clay surface next 
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the interior surface the pipes and acts efficient lubricator, the 


skin friction amounting practically nothing. 

Driving was then resumed the 3-in. pipe; 250 lbs. clay were 
forced in, only the weight the hammer being needed the first day. 

Appended abstract from the log the clay driving, following 
the work above noted: 

Tuesday, December 27th, 1898.—4 500 lbs. driven 3-in. pipe; 
hammer only used; impact force clay. evidence clay 
8-in. pipe outside masonry, though distinct tremor water was 
noticed during driving. Water 8-in. pipe remained constant 
height, about ft. from top pipe. Elevation, 18.4. 

Wednesday, December 28th, 1898.—4 400 lbs. putin. 
water 8-in. pipe had risen within ins. top, and rose 
ins. each stroke piston, falling back old level after stroke. 
About water began flow over edge pipe each 
charge, but settled back below edge after stroke. About 12.00 
water ceased settle back. About 3.00 began run small 
stream after stroke had been made. Plumbed pipe, but found clay 
it. Distance, measured from top down, 81.04 ft. 

December 29th, 1898.—A small stream water was 
flowing from 8-in. pipe when work started. lbs. driven to-day. 
Plumbed 8-in. pipe follows: 

Distance ft.—No clay pipe. 


2.50 78.62 —2.42 ft. clay pipe. 

78.08 —Rise 0.54 ft. clay with 750 
Ibs. put between 2.50 and 
3.50 


2.50 water flowing from pipe was strongly colored with 
clay, which gradually cleared, and about 4.00 trace color 
could detected water flow. 

December 30th, 1898.—Clay driven Plumbed 
8-in. pipe follows: 

9.20 Distance 77.28 ft.—Rise 0.80 ft. 1300 lbs. clay. 


11.20 water was running clear from 8-in. pipe and 
reduced amount over yesterday, with very slight acceleration 
flow, when charge was driven. 

December 1898.—3 750 lbs. driven. Plumbed 
8-in. pipe follows: 

Distance 68.85 ft.—Rise 2.03 ft. clay. 
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Water flowing from 8-in. pipe clear and reduced amount 
over yesterday, shows very slightly the effect each charge. Total 
driven through 3-in. pipe date, 100 


January 4th, 1899.—4 000 lbs. clay driven. Plumbed 
8-in. pipe follows: 


12.50 Distance 67.70 ft........... 000 Ibs. clay. 


Water flowing from 8-in. pipe has decreased slightly since Decem- 
ber 31st; runs clear and shows, very slightly, effect driving 
charges. The weight hammer only, continues required 
drive clay down. 

Thursday, January 5th, 1899.—5 300 lbs. clay driven. Weight 


hammer only, required; measurements taken 8-in. pipe 
follows: 


Distance 67.30 000 Ibs. clay. 


January 7th, 1899.—5 100 lbs. clay driven; change 
measurements taken pipe: 


Distance 67.00 ft.......... 000 lbs. clay. 


Flow water from 8-in. pipe clear and constant; shows effect 
charge; driving with weight hammer only. 

January 9th, 1899.—6 200 lbs. put in; change 
measurements 8-in. pipe taken every 1000 lbs. All show clay 
distance from top pipe ft., elevation—32.44. Flow 
water shows decided increase over January 7th, and runs steadily and 
clear, showing effect ramming. Weight hammer only, required. 

Tuesday, January 10th, 1899.—4150 lbs. driven. change 
measurement 8-in. pipe. show clay ft. down from top 
pipe. Weight hammer only used, Water flowing from 
8-in. pipe shows slight increase over yesterday; runs clear. 

January 13th, 1899.—Clay ramming resumed to-day. 
Total driven, lbs. Measurements taken 8-in. pipe follows: 


first 1000 lbs. drove easily; requiring weight hammer 
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only, but driving seemed stiffen until, end next 800 lbs., 
slight drop hammer, about ins., was required. 
12.40 Distance, 66.85 ft.—200 Ibs. clay; still slight drop 
hammer. 

2.30 clay. Water pipe rose 
suddenly, discharging over 
edge quite indi- 
cating clay has been forced up- 
ward suddenly; and after this, 
driving becomes easier, weight 
hammer only required at: 

2.45 5.95 ft., 250 lbs. clay. 
Water was discharged each 
cylinder full clay was forced 
in, and continued flow be- 
tween strokes also, the rate 
about 13} galls. per minute 
until 3.15 when flow 
stopped, except charge was 


driven. 


January 14th, clay driven. Measure- 
ments taken follows: 

Distance, 35.01 ft.—Rise, 2.80 ft. 500 clay. 
Water pipe rises about 
ins., when charge driven, 
dropping back again old 
level, but does not flow out 
the pipe. Some water noticed 
coming through back-fill- 
ing around pipe, evidently 
from leaky joint. 


33.70 ft.—Rise, 1.40 ft. 500 clay. 


Driving now began stiffen 
and 2.45 slight drop 
hammer, ins., was required, 
continuing for balance day. 


ft.—Rise, 1.25 ft. 500 Ibs. clay. 
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this time water pipe ceased show any effect driving 
charge. This the clay exhibited remarkable elasticity, sometimes 
forcing the piston back ft. after driving charge. 

January 16th, 1899.—Total clay driven, 
Required impact hammer force clay, limiting the height 
stroke About strokes required for the cylinder, which 
ft. long. The clay stiffening gradually and losing some its elas- 
ticity, not springing back much after each stroke. Measurements 
8-in. pipe follows: 


January 17th, 1899.—Continued driving 3-in. pipe 
until noon; 1600 driven. rise 8-in. pipe to-day. Clay 
gradually stiffening 3-in. pipe until requires about strokes, 
none over 6-in. drop, down cylinder full. Shifted over and 
Weight hammer only used, carrying clay down very slowly; 200 Ibs. 
clay put in. 

January 18th, 1899.—Continued 2-in. pipe, Station 
put in, with weight hammer only. Atnoon 
this ceased have effect, and few light blows, none greater than 
6ins., Shifted pile-driver back again 3-in. pipe 
means water-jet, clay was removed from 8-in. pipe depth 
about ft. order, possible, start clay rising pipe again 
when ramming should resumed. 

January 19th, 1899.—Jetted out 8-in. pipe depth 
40.8 ft. from top when jet stopped short and seemed bring 
small spawls gravel. Resumed ramming 11.004. 3-in. 
pipe, using about 5-in.drop hammer. Clay working very stiff, requir- 
ing about 240 strokes drive charge (6-ft. cylinder); 500 lbs. put in. 
Total rise pipe, 0.5 ft., from 40.8 40.3. Ordered clay driving 
stopped. 

January 20th, 1899.—Drove 100 lbs. clay 3-in. pipe 
to-day, somewhat easier than yesterday. This was done for the 
information members the American Society Civil Engineers 
who visited the work to-day. 

January 21st, 1899.—Resumed jetting 8-in. pipe 
endeavor increase depth jetting least ft. 

January 23d, 1899.—Succeeded jetting out 8-in. pipe 
depth ft. below top. this point jet pipe brought 
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what seemed bed gravel. The flow from the 8-in. pipe 
increased when this point was reached. 


January 24th, 1899.—Resumed driving 3-in. pipe; 
350 Ibs. put means short drops hammer, none over 
320 short drops required force down piston (6-ft. cylinder). 
clay 8-in. pipe any indication doing. Ordered clay drive- 
ing stopped.” 

seemed apparent that the cavity the foot the 3-in. pipe 
was well filled with clay, and was probably due some obstruction 
the 8-in. pipe, such spawls gravel which had been forced 
with the clay, that there was longer any rise the vertical section. 
The total amount clay used this driving follows: 


2-in. pipe, 02, 395 


951 113 592.5 cu. ft. 21.9 cu. yds. 


The total amount clay thus driven into the pipes and cavity was 
nearly cu. yds. The ft. depth the outer 8-in. pipe which 
had been jettied out, was afterward filled with clay and gravel rammed 
hand, and the flow through was stopped. 

The work tearing out the ruptured masonry due driving clay 
through one the 2-in. pipes was immediately started, and all 
about 130 cu. yds. were taken out following the fissures and cracks 
until they wholly pinched out. was assumed the beginning that 
the trouble lay the joint between the upper surface course 
masonry this point, which had been laid Portland cement, and 
the masonry below, which had been laid slower setting natural 
cement, and this proved the case; was found investigat- 
ing around the pipe from which the cracks radiated that its upper 
section and length, something more than ft. all, had not been 
joined coupled with the section below when placed, and that there 
was space in. more between the ends the two pipes, which 
had allowed the clay, under the influence the very hard driving, 
force its way into the partly set mortar which surrounded the joint. 
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The course Portland cement mortar was about ft. thick. 
was found that this upper joint pipe had lifted probably ins. 
from the joint below the point coupling. This must have taken 
place first when the heavy ramming caused the rupture that part 
the pipe which the clay cylinder was coupled, and which pro- 
jected above the top the masonry. The length this projecting 
part was about ft. and the parting the joints was, course, the 
lower end and about ft. ins. below the masonry surface. 

Adjacent and the level this open joint the pipe was the 
bed joint stone laid Rosendale cement mortar. 
about ft. long, ins. wide and ins. thickness. The clay was 
found have been forced between the under surface the stone 
and its mortar bed. The clay bed was about ins. thick, and, con- 
tinuing beyond the base this stone, rose through the joints along 
the sides, finding its way then along the top the course which the 
stone just mentioned formed part, and lifting the course above, 
which had been laid Portland cement mortar, and was fairly well 
set. The first stone mentioned was the only one laid Rosendale 
cement that was found have been disturbed its bed, and the main 
crack was everywhere along the junction the two cement mortars. 

The longest horizontal radius through which the clay was found 
have worked was about ft. around the pipe, and worked verti- 
cally through the mortar joints, and especially along the pipe, about 
ft. The vertical cracks showing the masonry surface were traced 
some directions for ft., where the width showed about 0.005 ft.; but 
the upper masonry course was taken out considerably greater 
distance toward and the up-stream face the dam, where the 
seepage water through the exposed bed joints one two stones 
this upper course indicated that the horizontal crack had extended 
with vertical surface crack above call attention The clay 
bed, thus forced under the masonry, was found fan-shaped, 


extending ft. from the pipe one direction and about ft. sideways 
each side. 


The stone was 


the other direction its course was arrested large 
stone which offered mortar joint that could followed. The bed 
varied from ins. in. thickness. 


very thin laminations which showed clearly throughout 
the extent the bed and indicated the extremely gradual way 
which the rupture was produced. 
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Fig. shows plan and sections the area the masonry which 
had taken up, weil the location and extent the clay bed, 
the cracks and the particular joints and stones, sketched during the 
work rectifying the damage done. 


The laying the foundation masonry began May 28th, 1896, 
the bottom Station 50, soon area bottom was 
ready warrant it, and the end that season nine gangs 
masons were work. This involved the use eleven twelve 
derricks allow for time lost shifting derricks well for chang- 
ing gangs from one point another, owing frequent changes the 
location sumps and subsidiary pumps which the maintenance 
drainage made necessary. the following season (1897), the number 
gangs was increased the foundation, the season pro- 
gressed, and the total number derricks use, including those the 
side slopes for passing material from the tracks, was about thirty. 

The type derrick general use the leg” derrick. 
Having guys, these derricks did not interfere with the cable service 
and they were easily moved means the cable, without being 
separated from stiff legs and platforms. 

The setting the first stone the main dam foundation shown 
Fig. Plate III. The bottom courses were laid Portland cement 
1), the vertical thickness this work, varying from ft. up, 
depending upon circumstances and particularly upon the amount 
seepage through the fissures the rock and the work necessary 
temporarily dam and divert such flows until the masonry was old 
enough and high enough enable them blocked off permanently. 

The rock bottom was, all cases, very thoroughly washed and 
cleaned with brushes and brooms, and was then painted” with 
grout neat Portland cement, applied with brushes, and which was 
allowed set before work was done upon it. This grout was for the 
purpose filling all small, fine, open cracks, seams and erosions, 
which were not sufficient size importance warrant special 
treatment with the grout pump box, and about 356 bbls. Portland 

cement were used this way the main dam foundation and bbls., 
date, the core-wall and overflow foundations. 
Owing the extreme unevenness the rock bottom prepared, 
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the numerous spring holes which had temporarily dammed 

order divert their flows until such time they could choked off, 

and the number grout pipes placed, and some cases kept 

place for months before the grouting could done, the first season’s 
work the bottom masonry was done under difficulties, and the 
general progress January 1897, was between Station 

and Station 62, covering the full width the dam and varying 

depth height above the bottom from ft. all, about 

000 cu. yds. were laid. 

the following year, the masonry was extended over the whole 

bottom, with the exception narrow strip near the river wall 

Stations 00, used the foundation work connec- 

tion with the supply tracks, and comparatively small area the 
center the wall, about Station 50, which, during the latter 
part the season, was used sump-hole for the main pumps, 
surrounding masonry forming the sides. During that year the amount. 
masonry laid the foundation was about cu. yds., and 
certain points had risen considerable height, particularly over 
the points which the work was started during the preceding season. 

The width the foundation laid was about 200 ft., and the 
derricks were arranged batteries four abreast across the line 
the dam, the plan being build racks convenient height and 
then move the derricks forward batteries. this way 
racks steps were gradually formed for the full width the work, 
depth, horizontally, with the derricks moving from the ends toward the 
middle the foundation. This arrangement shown Fig. Plate 
but, owing circumstances, was not until the end the second 
season’s work that could said that the plan had been fully 
developed and put complete working order. 

The faces step courses these racks were limited rises 
with about the same treads, making the slope the rock nearly 
Care was taken avoid long straight joints across the dam, between 
successive racks, varying the lines their faces intervals with 

the end the second season, the main foundation had risen 


high enough above the bottom drawn its neat lines at. 


all points and afford parapet which retained the wash from 
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the earth slopes and enabled the refilling work started. the 
up-stream side, the masonry face was drawn its neat lines soon 
practicable upon leaving the rock bottom, though this involved 
considerable depth re-fill between the masonry and rock face, par- 
ticularly the deeper points where the rock was disintegrated and 
had broken back the excavation 

the down-stream side the masonry toe was built solid the 
rock face the surface, when was drawn the neat lines 
planned. This junction with the rock face was made still more com- 
pact, noted the description the filling with 
grout the eroded seams showing the rock face the toe masonry 
was built up. 

above stated, the courses adjacent the rock bottom were laid 
Portland cement, mortar mixture being used. The special 
purpose was obtain quick-setting mortar and thus avoid, 
great extent possible, any wash trouble from seepage and flows 
through the bottom which had been choked off. Above these courses, 
and for the great bulk the warm season’s work, American cement, 
mixed was used. During the winter months, Portland cement, 
mixture, was substituted for the American cement, and work 
was carried steadily pleasant days when was not too cold. 

Care was taken lay masonry days when the temperature 
was steadily below the freezing point, and cold nights and morn- 
ings brine and warm water were used mixing mortar, and the sand 


during the whole season was heated and dried large boxes furnished 


with steam coils arranged for that purpose. Care wasalso taken cover 
fresh work night with brine, salt and canvass, and thoroughly 
clean its surface and joints the morning with steam and hot water 
order that all frozen dirt and mortar scale might removed. All 
stones and spawls used cold weather were also thoroughly cleaned 
and washed, and thawed out with hot water and steam; pipes for both 
being provided for each gang masons employed. 


The stone used for the rubble masonry quarried from rocky hill- 
side the Valley Hunter’s Brook, tributary the Croton River, 
ata point about miles above the dam. This stone classed 
geologistsas ‘‘gabro rock, or, commercially, dark colored granite, 
although without quartz and has large amount hornblende 
its composition. very hard and tough, well heavy, and 
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weighs 185 Ibs. per cu. ft. The quarry connected with the dam 
railroad, and the stone quarried and sent down large blocks 
varying size, ordinarily, from cu. yds., although the greater 
limit not reached commonly. Stones even size have been 
furnished occasionally, but difficulty handling them renders such 
sizes undesirable. 

The spawls and small chunks” are furnished from quarries along 
the line the railroad nearer the dam, and are the country rock, 
laminated gneiss. 

laying the stone, care taken see that each stone has been 
thoroughly cleaned and washed with water summer and steam 
winter. The stone bedded heavy bed mortar which flat 
spawls have been placed such hollows deficiencies 
may apparent the bed the stone. The stone question 
then raised, and the imprint has made the mortar bed used 
guide complete the necessary making up; additional mortar 
then placed over the new bed and the stone lowered again into 
place, care being taken place exactly was before. then 
shaken down bars placed successively different ends thestone 
until the mortar underneath pressed out all sides, when, 
apparent that freely without touching the spawls stones 
below, allowed remain. Should there any doubt about this, 
insure thorough and tight bedding, well made and with the min- 
imum mortar left necessary the result wished. 

The spaces around these stones are then carefully filled with mortar 
into which smaller stones and spawls are hammered, care being always 
taken that small stone shall hammered into place unless there 
ample bed mortar under it. All old work thoroughly cleaned 
with brooms and washed with water before fresh work built upon it. 
also carefully sounded with iron rods make sure that small 
stones spawls have been loosened the bed. cold weather the 
precautions necessary building old work are greater, mortar 
more less frozen and disintegrated commonly found the sur- 
face and the dépth spawls liable loosened much greater. 

The general character and appearance the masonry the racks 
shown Fig. Plate XII. The stones were such size that 
average rise ft. the courses was readily maintained. the 
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down-stream side the batter called for the theoretical sections was 
obtained stepping. For this purpose selected stones were 
course necessary. The quality and appearance this work are shown 
Fig. Plate XI. The steps were laid out with rises from 
ins., the latter limit preponderating, and the whole the step 
built outside the neat batter line. 

the up-stream face all joints were raked out ins. depth and 
were then pointed with Portland cement, mixed This in- 
cludes also the core-wall and spillway masonry well the founda- 
tions the main dam. Fig. Plate XI, shows section the 
up-stream face the main dam, which the joints have been raked 
out and are ready for pointing. 

The foundation masonry laid date the spillway was laid 
1895, since which time nothing further has been done. shown 
Plate XII. The masonry work the lower part the core-wall 
was begun early the history the dam work the extreme south 
end, and was prosecuted that the time the masonry the main 
dam foundation had reached the point junction with the core-wall 
there were only 100 ft. wall foundation done complete the 
connection. This has since been done, and the wall being built 
the surface the trench excavated for it. 

The refilling against the main dam foundations calls for special 
comment except one instance where, the up-stream side between 
Station 12.5 and Station 62.5, the bad rock forming the face 
the excavation this point continued fall into the pit, breaking 
back the original excavation lines, after the excavation had reached 
the bottom, and while the up-stream face the masonry was building. 
the time this masonry had reached height sufficient out 
danger from the gradually falling rock, large mass the latter had 
fallen behind the wall the bottom into the space which during 
this time had been used was impracticable get this 
material out, the overhanging rock made too dangerous for men 
attempt without very thorough protection from above, and was 
the same time extremely desirable have this point and eleva- 
vation especially compact back-filling, rather than large quantity 
loose rock. 

The plan and sections Fig. show the extent which the rock 
broke back the lines and the amount and extent the broken rock 
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debris which fell from above while the masonry wall was being 
carried up. 

This used sump-hole, the suction pipe being kept 
low elevation about Station which point the rock slope 
stood. The water flow through the face the rock was very free, the 
face was full open fissures, particularly through that part the face 
shown the plan furthest the right. This formed quite re- 
cess, and through came this time most the flow pumped from 
the up-stream side the dam. 

This water flow brought large amount fine silt with it, and 
was reasonable suppose that the debris the bottom and along the 
wall was, the course time, filled with it. was found impos- 
sible force pipes through the debris the bottom test this, and 
two holes were therefore drilled through the masonry such positions 
and angles reach low points the filling. These holes are 
shown the plan and sections. Drilling them was matter con- 
siderable difficulty, but they were finally forced through, but filled 
immediately with fine silt forced from below, and grout could 
pumped into them. Two other holes were started this vicinity, for 
the same purpose, but could not carried through. 

making further attempts prove the compactness otherwise 
this mass debris the surface shown the plan the left the 
dotted line was covered with several feet fine sand and gravel after 
the pipes indicated had been forced into the mass far possible, 
which some cases was ft. 

Theinflowing water, stated above, showed itself particularly 
the space the right the dotted line, which gravel was 
placed. The pump suction back the wall about Station +00 
kept the water well below the general surface the debris which had 
been covered with gravel, and into three the eleven pipes 17} bags 
American cement mixture) were pumped shown. The other 
pipes, which were tried later, would take nothing, and the job was 
finally completed pouring large amount grout, bags 
American cement mixture), into the water space back the 


dotted line. This pouring was kept until the water flow was. 


stopped the point under treatment, and was forced through other 
seams the rock face more directly the sump-hole which was back- 
filled later with gravel and sand the ordinary way. 
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The work of-pumping began April, 1895, 10-in. two-cylinder 
Worthington pump being installed first. was placed near the 
sump possible, and was fed from boilers placed the top the 
slope the down-stream side, not far away. Two 100 H.-P. boilers 
were installed this time. This number was increased later four 
all, and certain times, when the demand for steam for the pumps 
was heavy, but little outside use was made the boilers, although 
the excess boiler power was least one, when they were all work- 
ing their full capacity. Asa rule, however, the whole four were 
kept continuously use, working moderately after the 10-in. pump 
had been replaced, few months after its installment, 12-in. com- 
pound, double-cylinder pump the same make, which two others 
the same size were added later. 

With this three large pumps two were kept work 
moderate speed, while the third was held reserve, and the 10-in. 
pump kept either additional the reserve times used con- 
nection with number smaller auxiliary pumps which were con- 
stantly use during the excavation work and until the foundation 
masonry was complete, pumping from various points the bottom 
the main sump. From the beginning pumping until 
November, 1898, the main pumps were kept near the lower 
down-stream slope the main cut, and the sump was maintained near 
by, either the natural bottom, or, happened during one winter, 
large hole left the bottom masonry low elevation near the 
down-stream toe the dam. 

was extremely inconvenient times have limit main pump- 
ing operations one point and obliged lift all the water from 
the auxiliary pumps, some cases over the low-lying portions 
recently laid foundation masonry, but the risks main steam pipes 
laid across the dam would been too great, either before after 
the beginning the mason work, while the water flow was large. The 
discharge was ordinarily through system four pipes ins. 
diameter, two which were laid through the lower wing-dam 
low elevation and two through the river wall somewhat higher 
elevation. this means considerable lift was avoided, the top 


the wing-dam being the first case about above the pipe 
openings. 
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TABLE No. Montuty TEMPERATURES OBSERVED, 


APPROXIMATE LOCATIONS OBSERVATIONS. 
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the possible danger back flow when the water was high the river. 
December, 1898, one the main pumps was placed the up- 
stream side the dam wall, which this time had been carried all 
the way across the valley and considerable height above the 
bottom, and two were kept the down-stream side, steam for the 
former being carried across the foundation wall. this time the 
amount water pumped had decreased materially, large 


Valves the outer ends the lower pipes secured the work from 
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amount back-filling had been done both sides the dam, and 
the elevations the sump-holes had been raised. 

During the progress the main dam excavation was early notice- 
able that the flow into the sump-holes seemed come from particular 
points the gravel slopes, following the toes the slopes down, 
the depth excavation increased. This was noticeable both the 
up-stream and down-stream sides, and the flows springs continued 
identified easily the work progressed and the outline the 
foundation masonry was completed, and the flows springs the 
upper lower side were separated. These flows were confined the 
gravel slopes, through which they came freely, and the back-filling 
was gradually raised they were forced back the slopes the 
vicinity the points where they had originally shown themselves. 

the south end the main cut and along the sides near the end, 
where the slopes were nearly all hardpan, practically water was 
encountered, although there was considerable area gravel and 
boulder slope under the hardpan near the south end the side slopes 
the ‘‘quarters.” There was, however, considerable seepage 
through the lower half the very high hardpan slope the south 
end which, particularly winter, through the frost and thaws, caused 
good deal gradual sloughing off the bank, although time 
was the amount seepage enough cause definite flow from the 
slope. 

long series observations the temperatures, Table No. 
taken the points where the flows were best defined, interest 
indicating, perhaps, some differences the causes and origins the 
various flows observed. 

Table No. are shown six series observations, including one 
the river channel. Column No. the observations were flow 
the down-stream side the main cut, the point nearest the 
up-stream toe the lower wing-dam. Column No. the flow 
observed was near the point the up-stream side where the heavy 
assumed that this flow was the same, practically, that the 
spring when was reached. Column No. the observations are 
flow developed the down-stream slope some distance from the 
flow Column No. Column No. the flow was from the large 

cave Station the up-stream side. The flow Column 
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No. was also the up-stream side, and the observations were taken 
first large well-hole which was built, temporarily, near the up- 
stream face the masonry, and from the flow which showed out- 
side the masonry line after the well was filled and the water forced 
outside the masonry limits. 

The stations the heads the various columns show the approx- 
imate locations the points flow which the temperatures were 
taken. some cases there were variations location intervals 
owing the shifting the springs from various causes, such 
deepening the excavations the vicinity, or, the case the 
well mentioned Column No. some change the masonry and the 
channels left temporarily it. Column No. shows the temperature 
the water the river. 

examination these observations shows clearly certain uni- 
formity the flows from the excavation, particularly regard the 
times extreme temperatures, which occur September October 
and March April. evident that there was direct connection 
with the water flowing the river, and that the two springs observed 
the down-stream side correspond closely, might have been 
expected, while the other three springs located the up-stream side 
are uniform showing less extremes temperature and also close 
correspondence with each other. the river the extreme tempera- 
tures shown were January February and July. 

The flow observed Column No. shows, however, but little var- 
iation during the first twelve months, quite contrast the others. 
The observations during these months were evidently the water 
from the heavy spring which, when solid rock bottom was reached, 
was found flow from the large erosion Station The 
point which the temperatures were taken this case was some dis- 
tance from the spring hole finally defined, and the water was then 
piped for some months directly subsidiary sump. 

Temperatures the water, however, continued taken 
flowed from this pipe and later from the pipe used divert the spring 
flow the up-stream side the masonry. The elevation the out- 
let this pipe was increased gradually the masonry and the back- 
filling rose, and the observations were continued until the clay driving 
had stopped the flow the spring. The observations from January, 
1897, showed variations which correspond with the variations observed 
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the other points flow, although they were not marked 


degree. this spring was quite different its characteristics from 
any the others coming originally from much greater depth and 
with the location its flow confined one place during all the 
time, interesting question why, after year’s nearly 
steady temperature, variations corresponding with the surrounding 
springs should develop. may that after the first twelve 
months this spring flow was, certain extent, exhausted, and its 
temperature was affected greater degree the increasing 
proportion ground-water near its outlet. Its evident decrease 
flow, time passed, may one argument support this 
assumption. 

daily record rainfall, river flow and pumping shown 
Plate XIII. The rainfall and river gauge readings are shown from 
September Ist, 1895. The pumping record begun October, 1895. 
This shows irregularities for the succeeding eight months, which are 
partly due lack systematic observations and records during that 
time, and partly the frequent changes the location and elevation 
the pumps, was during these months that the increase the 
depth the sumps was the most marked. The duration each rain- 
fall indicated nearly possible the span the bracket, the 
height showing the total fallin inches. The flow the river indi- 
cated observations taken gauge short distance below the 
dam location, and the diagram shows the depths the flow that 
point comparison with the low-water elevation, which about 
gauge reading 1.70. The pump diagram based the average daily 
speed, strokes per minute, one 12-in. pump, and all observations 
within the above time limits have been commuted this basis, the 
only one which direct comparison the pumping work from 
time time could had. 

the actual amount water pumped, various tests the 
pump capacity were made from time time. The 10-in. pump was 
stated the makers have capacity galls. per 
hours, with maximum rate per minute 36* strokes. Each the 
12-in. pumps, the same maximum rate speed, had capacity 


Double strokes, one complete revolution, the pump action. The 
capacity each 12-in. cylinder for one complete stroke was about galls., the 
diameter the piston being ins. and the length stroke ins. The 12-in. pumps 
were designated agree with the diameter the discharge outlet. 
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000 000 galls. per hours. The tests the actual amount water 
pumped are follows: 

Sunday, October 27th, 1895, water the was allowed 
rise from Elevation 7.81 Elevation 10.14, the limits between these 
elevations having been carefully cross-sectioned. The amount in- 
flow was estimated 814275 hours, the rate 
800 000 galls. per hours. 

The pumps stopped 8.40 and resumed work 3.40 
The water during this interval rose ft. from elevation 7.81 
10.14, and seemed rise constant rate nearly per 

The small Worthington pump 500 000 galls.) was unable 
control the water the main cut below Elevation 13. The water 
gained the pump this elevation, but was then held constant 
the small pump. 

December 19th, 1898, experiment the pumping capacity 
one 12-in Worthington pump was made. The result showed 
capacity galls. per stroke. 

The experiment was made the use large sump-hole the 
down-stream side the One side this sump was formed 
the wall the dam, the others the back-filling progress 
the time the experiment was made. The following résumé the 
results. The sump had been carefully cross-sectioned. 


1898. 


Calculations determine efficiency pumps and amount water 
flowing into sump. 12-in. pump, down-stream sump. 
Capacity sump between Elevation 2.2 
230 minutes. 
3.20 the sump was empty, pumps 
shut off. 
7.10 the sump had been filled 
minutes the amount water flowing 


Note taken time above experiment was made. 
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minutes. 
Sump full beginning, empty end. 
950 815 Gauge reading 
634 Number strokes pump during experi- 
ment. 
Number strokes pump per minute. 
Flow during experiment 
250 galls. 2374 296 875 
Divide number strokes (11 634) and 


524 minutes. 
Sump empty beginning and end. 
952 453 Gauge reading 3.20 
950 815 
638 Number strokes pump during experi- 
ment. Multiply 50.23 galls. per 
stroke and get 
galls. pumped out during experiment 
equals gallons flowing 
277 52.5 galls. Flow per minute 
(when sump empty) 
638 52.5 31.2, average number strokes 
per minute. 


Flow per minute with sump empty dur- 
567 

Flow per minute with sump empty be- 
ginning and full end, vice versa.. 250 


Capacity pump per stroke from experi- 


Capacity pump per stroke (pump meas- 
urement) 


50.23 


galls. 
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B.—For hours previous these experiments the water the 
sump was held Elevation 5.54, and the speed the pump 
averaged 29.5 strokes per minute. Thé rise and fall the water 
the sump the above experiments was between Elevations 2.2 
and 8.0. 

strokes (double) per minute the amount pumped the 
rate galls. per hours. the maximum number 
strokes shown the pump diagram not more than strokes per 
minute, may assumed that the maximum into the pit was 
less than 000 000 galls. per day. 29.5 strokes per minute equals 
about 160 000 per day. 

special experiment was made time when one 12-in. pump 
was work each side the dam, order detect possible 
any variation the pumping rate owing the relative difference 
the elevations the sump levels. The result follows: 


TABLE No. DETERMINE EFFECT 
Dam AMOUNT WaTER PUMPED. 


EXPERIMENT, DECEMBER 1898. 


Elevation water down-stream sump 6.55. 


up-stream sump 8.7. 
12-in. pump used each sump. 


Down-STREAM 
Time. 
Register. Difference. Strokes per minute.| Strokes per minute. 

020 726 293 193 
027 601 718 214 

Average strokes per minute during day....... 28.6 21.0 


Water down-stream sump lowered during night. 
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EXPERIMENT, DECEMBER 1898. 


Elevation water down-stream sump 8.01. 


12-in. pump used each sump. 


Time. 
Register. Difference. Strokes per Strokes per minute. 
066 252 663 193 
Average strokes per minute during day...... 27.4 19.7 


relative heights water the up-stream and down-stream 
sides the dam seem have effect the relative amounts water pumped. 


December 20th about 0.35 in. rain fell, which may account for the 
greater amount pumping the than the 22d. 

not assumed that the foregoing tests are accurate. They are 
sufficiently reliable, however, enable said that the maximum 
daily pumping did not any time exceed 000 000 galls., and the pump 
diagram furnishes reliable comparison between the amount done 
from time time and the maximum. These diagrams, may said, 
are chiefly interest that they serve show the relations existing 
between the rainfall and the resulting river flow and necessary pump- 
ing. whether any deductions value can made, excepting 
that gravel bottom, below sea level, close proximity river 
large times heavy flow, the amount water pumped was under 
000 000 galls. while the area the pump well was least 
acres, and the depth 130 ft., remains seen. 

Plate XIV shows curves deduced averaging per month the 
data shown Plate XIII. are also shown the curve increasing 
depth sumps from which the pumping was done, and curve 
showing the increase yielding volume the depth the sumps and. 
the size the excavation increased. These curves are not extended 
beyond March, 1898, that time the refilling had been well started, 
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while the whole foundation had been covered with masonry which had 
been carried considerable height above the bottom. 

The curves show, might have been expected, the effect the 
rainfall the river which for most the time closely correspond- 
ing, although the river may somewhat slower its action. This 
does not hold good for the dry summer and autumn months 1895 
and 1896, but the correspondence close 1897 when extreme low 
water was not reached until September. The comparatively heavy 
flow February, 1898, however, does not seem accounted for 
any special rains about that time. 

The pump shows constant rise 1895 and May, 1896, 
the depth and yielding volume increased. The apparently extra 
rise this curve from January April, 1896, may have been influ- 
enced the rainfall, which seems have responded more 
quickly than the river. Again, July and August, with constant 
depth, there shown quick response the rainfall which not 
noticed the river. December the pumping had fallen off mate- 
rially, although the depth and yielding volume were the increase. 
The gradually diminishing rainfall, from September December, 
may possibly account for this. The steady increase the rain from 
January July, 1897, noticeable the river curve and marks 

constant increase the amount pumping until the maximum 
yielding volume and depth reached. The falling off pumping 
from July December, corresponds fairly, although, perhaps, 
month behind time, with the rain and the river curves, but results 


from December March, 1898, are due partly the influence the 


back-filling, which must have begun make itself felt, and partly, 
doubtless, the fact that the yielding volume was beginning, 
did the previous year, show signs being pumped out the end 
the dry season. 

seems fairly conclusive that the flow river had, the 
whole, but little direct influence the pumping. other words, the 
wing-dams were efficient stopping anything like direct leakage 
flow from the river the excavation pit. Another conclusion that 
considerable time elapsed between the rainfall and its effect the 
pumps, amounting certain cases much two months. 

The data from which the curve yielding volume obtained are 
due calculations which show approximately the end each two 
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months the amount sand and gravel the slopes the pit which 
furnishes water storage space. was assumed that all space the 
slopes above angle 20° with the horizontal, the vertex being 
taken the lowest point the section excavated and kept clear 
the pumps, would yield water, except those parts the slopes which 
were formed hard-pan and which were not included the calcula- 
tions volumes. 

Fig. shows two diagrams pumping commuted equivalent 
strokes 12-in. pump, covering the time from November, 1898, 
May, 1899. One these the record the pumping from the up- 
stream side the main dam, which was done wholly 12-in. pump 
during that time. 

the down-stream side other pumps were used, noted the 
diagram, but some careful experiments were made which the rela- 
tive amount pump work done has been fairly commuted the 12-in. 
standard. The accompanying diagrams, which show both cases the 
mean elevations the two sumps from time time and the same 
time the difference elevation the water the two sides the 
dam, certainly not indicate any connection between the two sump- 
holes. The up-stream pump shows very slight increase March 
and very gradual decrease May 15th, with gradual rise 
water elevation the middle February, and material change 
later. the other hand, the down-stream pumping shows 
material diminution about February with many changes water 
surface and very material rise the sump elevation about the 
same time. 

The relative elevations these sumps varied during these months 
decidedly, the up-stream sump changing from about ft. above the 
sump the lower side, extreme about ft. below, most 
the change, however, taking place the down-stream side, shown. 
These records are suggestive, view the general character 
the limestone foundation and the possibility the presence 
open seams and channels below those treated preparing the 
bottom for the masonry. With head nearly ft., long sus- 
tained the up-stream side, then varied gradually until the head 
the other side was ft., there seems have been nothing, 
this reversal relative conditions, affect the flow water 
either side. 


? 


PLATE XIV. 
PAPERS AM. SOC. 
JANUARY, 1900. 
GOWEN FOUNDATIONS NEW CROTON DAM. 


q 
| 
| 
4 


GOWEN FOUNDATIONS NEW CROTON DAM. 


GENERAL REMARKS. 


While the purpose this paper deal particularly with all the 
various features this work which pertain directly indirectly 
foundations the dam, dwelling some cases considerable detail 
upon certain points, evident that much information, some 
interest not considerable importance, relating the general de- 
sign, construction and progress the work has been necessarily 
omitted. fact, anything approaching comprehensive account 
these matters would require book ample size give the subject 
adequate treatment. However, few figures are added here relating 
certain prominent features which have not been noted described 
previously. 

The main feature the construction work the rubble masonry. 
The total amount required will not far from cu. yds., and 
this, the date writing, about 405 000 cu. yds. have been laid. 
The contract price for this item $4.05 per cubic yard when American 
cement mortar used. This price increased $4.94 and $5.35 per 
cubic yard, Portland-cement mortar (3to (2to1), respectively, 
used. The facing stone masonry, which expected that 
least 000 cu. yds. will used, forms item. This 
used for both the up-stream and down-stream faces the main dam 
and overflow above the lines elevations which the refilling and 
embankment will carried. This facing stone cut courses 
which vary rise from ins., having uniform depth bed 
and build not less than ins. Headers, which every third stone 
each course one, are not less than ft. length, and are used 
insure bond with the rubble backing hearting. 

All joints this stone are cut lay in. width from the face 
back for ins. depth the sides and beds. For the remaining 
depth the stones must cut full, joints not exceeding ins. 
width between adjoining stones when laid. this way there in- 
sured moderately fine outer joint which thoroughly raked and 
pointed depth ins. more, while the wider 2-in. joints give 
opportunity for any settlement that may possibly occur the 
future due inequalities between the relative composition the 
facing compared with the backing stone which bonded. 

this facing stone depended insure the practical water- 
tightness such parts the structure are exposed directly 
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water pressure. This stone laid Portland-cement mortar, (mixed 
1), and the pointing the face joint Portland cement 
also used. has been stated previously all parts the up-stream 
face the masonry, which are planned below the back-filling 
line, and which are formed rubble masonry, care has been taken 
secure well-shaped stones and fill the intervening joints very 
thoroughly with small stones spawls. This well shown Fig. 
Plate XI, where the joints are shown raked out and ready for the 
pointing which, case the facing stone, done with Portland 
cement. this connection, particular attention may called the 
very great amount refilling which done the up-stream side, 
particularly back the main dam and above the limestone foundation 
where much badly fissured rock was found, and which resulted, 
necessarily, the great depth the rock excavation. This refilling, 
together with the pointing the up-stream face the masonry which 
covers, expected effectual stopping percolation through 
under the dam, even the latter case small open fissures may 
exist. rate, if, noted previously the chapter Pump- 
ing,” head varying from ft. the up-stream side ft. the 
down-stream side caused appreciable variation the pumping 
amount water, which that time might have equalled 500 000 
galls. per day, does not seem that the head due finally full basin 
can increase very materially such flow may possibly have already 
taken place through the limestone foundation rock. 

The contract price for the rock excavation $1.95 per cubic yard. 
The amount excavated will slightly exceed cu. yds. While 
the price seemingly liberal one, must not forgotten that, 
the bottom work, the blasting and excavation were not done ordered 
lines and grades excepting directed from day day, the only 
limit depth was good rock when reached. This necessitated very 
great amount careful hand work, well slow and expensive work 
finally getting the bottom ready for the masonry. 

All the earth excavation work, which has amounted nearly 
100 000 cu. yds., was, under the specifications, let one price, viz., 
$0.61 per cubic yard, avoid complication, although, naturally, there 
would have been little difficulty separating the amounts lying below 
river level, and involving pumping, from the portion remaining. The 
price was considered fairly low when the risks were taken into consid- 
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eration. The increase the length the main dam, which was de- 


termined upon 1897, resulted considerable decrease the 
maximum height the embankment its point junction with the 
main dam. This change has also decreased the amount embank- 
ment originally planned, and the core-wall trench now practically 
wholly hardpan; the point junction with the main dam having 
been advanced the south until found the hardpan overlying the 
bed rock. 

The work construction began October, contract having 
been let the previous August. The time limit the contract was 
seven years, bringing the date completion August, 1899. The ex- 
traordinary depths which the rock excavation had made 
order secure foundation for the main dam well the change 
made the length the main dam after the work was started, which 
involved quite increase the amount masonry, justified ex- 
tension time perhaps one year. The dam, however, will hardly 
finished before 1902, making the time construction ten years in- 
stead eight. This delay largely due the dilatory ways and 
methods adopted the first two three years the construction 
work, developments have shown clearly that the plans and methods 
proposed the engineers for carrying the work have far pro- 
vided for and anticipated all emergencies and contingencies, kind 
not degree; nothing unforeseen having happened materially 
delay involve change plans beyond the increased depth rock 
excavation found necessary and the increase the length the 
masonry dam, previously mentioned. 
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TEST MECHANICAL FILTER. 


Weston, Am. Soc. (by letter).—The writer 
has read Mr. Fuller’s discussion with great deal interest. 

The color data given Table No. from March 13th 18th, 
inclusive days), originally furnished the writer, were incorrect. 
Instead 0.30 for the raw water and 0.06 for the filtered water, the 
figures for the days should read 0.50 for the raw water, and 0.10 for 
the filtered water. 

The writer, course, did not propose chemical work 
regard the subject hand. chemical matters, aware 
that different chemists sometimes hold different views given 
subject. 

The chemical work was referred Professor John Appleton, 
Brown University, gentleman whose age, long experience and 
conservative judgment entitle his opinions great weight; and the 
writer still feels entire confidence the analytical work, and the 
opinions expressed Professor Appleton the chemical questions 
involved this discussion. 

Color the Raw Water.—Mr. Fuller remarks that the paper does 
not state the method which the recorded resuits” color were 
obtained. They were obtained the platinum-cobalt method. 

Mr. Fuller remarks that pamphlet issued recently the 
New York Filter Manufacturing Company noted that 


Continued from December, 1899, Proceedings. See September, 1899, Proceedings, 
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the color results were obtained the Nesslerized ammonia scale.” Mr. Weston. 
Mr. Fuller misunderstands the pamphlet. The pamphlet states what 

unit color” is; but does not state the The 
platinum-cobalt method was used, but the unit color this method 

is, the pamphlet states, practically that color yielded properly 

gram ammonia gas (or its equivalent).” appears, therefore, 

that Mr. Fuller’s inferences with respect the color data are not 

accord with the facts. 

Relation between Color and Required Sulphate Alumina.—It was 
desired, the alkalinity the water would permit, obtain 
bacterial removal least without regard the quantity 
sulphate alumina used. was found grain sulphate 
alumina per gallon would this without rendering the filtered water 
acid; and was also found that when grain was used, the 
bacterial removal was less than per cent. was therefore decided 
use grain. 

Mr. Fuller’s inference that there was considerable waste 
chemical times, Mr. Fuller probably intended the statement 
taken relative sense, the whole amount sulphate 
alumina used daily was not considerable, averaging less than lbs., 

the daily cost being about cents. 

should remembered that the filter was practical service 
during the test, and was not being run laboratory experiment; 
and the bacterial removal averaged more than 99%, and the color 
the filtered water was hardly distinguishable from freshly distilled 
water, and was sufficiently alkaline show that the quantity 
sulphate alumina was being kept within the proper limit, would 
hardly have been practicable, even small quantity the sulphate 
could have been saved, have made, from time time, minute 
changes its amount, the cost the labor doing would have 
been much more account than the cost the sulphate alumina 
which might have been saved. Then, this refinement had been 
gone into, and experienced person had been employed have 
continually kept the run the alkalinity the water, the expense 
would have been many times greater than the cost the whole the 
sulphate alumina used. 

would appear though Mr. Fuller’s inferences from his experi- 
ence with the water western rivers would not apply river waters 
the vicinity Providence. 

During the Providence filtration experiments, 1893 and 1894, 
was demonstrated that the percentage color removed from the raw 
water could not relied upon gauge, respect the removal 
bacteria, and the results the East Providence test show the same 
the case. 
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East Providence, has previously been stated, the paramount 
desire was remove least 99% the bacteria from the raw water, 
provided that could done without exhausting the alkalinity 
the water and causing the filtered water acid, the importance 
the removal the color from the raw water being regarded 
secondary that the bacteria. 

the bacterial results for each day were not known until about five 
days afterward, account the time required for cultivation, 
would not have been possible have gauged accurately the quantity 
sulphate alumina, more less, which might have been the most 
advantageous have used each day; therefore, experience had 
shown that grain sulphate alumina would not produce 
average bacterial removal 99%, and that grain would accomplish 
the desired result, and the filtered water was always alkaline when 
grain was used, was thought that the constant use grain per 
gallon was the most satisfactory method applying the sulphate. 

Alkalinity.—Mr. Fuller makes considerale body comments 
the alkalinity East Providence water. The writer discusses these 
comments briefly: 

The alkalinity determinations were made follows: two portions, 
each 500 c., the water were placed flat white porcelain trays 
side side. each sample, 5c. solution methyl orange 
was added. First one sample and then the other was titrated with 
standard sulphuric acid, the acid being prepared that each cubic 
centimeter would neutralize part per million calcium car- 
bonate 500 water. (The acid solution was stan- 
dardized pure sodium carbonate; then its value calcium carbonate 
was computed.) 

Mr. Fuller objects methyl orange indicator. The writer 
must rely Professor Appleton’s statement that methyl orange is, 
fact, sensitive indicator for acid and alkali, that widely used for 
this purpose, and recommended high authorities water 
analysis. Indeed, was used during the elaborate filtration experi- 
ments conducted under the direction Allen Hazen, Assoc. Am. 
Soc. E., Pittsburg, Pa.; and Mr. Hazen appears have been 
entirely satisfied with the reliability the alkalinity determinations 
made with methyl orange. 

From certain experiments made elsewhere Mr. Fuller, forms 
the opinion that the filtered East Providence water, during portion 
the test, must necessarily have been acid. But this opinion. 
the result actual tests, the filtered water was alkaline. Thatis, 
considerable quantity the standard sulphuric acid was necessary 
overcome its alkalinity. 

Mr. Fuller states that, his opinion, filtered water might 
tain several grains per gallon undecomposed sulphate alumina, 
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and yet that such water might slightly alkaline methyl orange. Mr. Weston. 


the East Providence filtered water there could not possibly have 
been several grains per gallon undecomposed sulphate alumina, 
since not more than grain was added the raw water. 

Chemical Results.—Mr. Fuller appears represent that the analyti- 
cal determinations alumina, the raw and the filtered 
waters are little account. The writer holds the opposite view. 
thinks them considerable importance. They certainly show that 
all cases the amount alumina, the filtered water was very 
small. varied from about 0.02 about 0.06 grain per gallon. 
But the grain sulphate alumina added the coagulant con- 
tained 0.22 grain alumina, plain, therefore, that 
least considerable part the alumina, contained the sul- 
phate alumina applied, was removed the process filtration. 
Then, again, the analytical determinations show that there was 
average 38% less alumina, the filtered water, than the raw 
water before the sulphate alumina was added it. The writer 
considers these interesting and important facts. 

Bacterial culture medium used was 10% gelatine, and 
the reaction was slightly alkaline. The bacteria were cultivated 
the average refrigerator temperature, the temperature the labora- 
tory being high all times. 

Growths writer fears that did not make his pos- 
sible solution sufficiently clear, and that Mr. Fuller has interpreted 
his intent rather too broadly. the writer, upon three 
four occasions when the number the bacteria the filtered water 
had increased much greater proportion than those the raw 
water, that might have been due few bacteria growing the 
filter. was not his intention, any manner means, even 
suggest the inference that bacteria ordinarily propagate mechanical 
filters they slow sand filters. 

Wash Water.—From records kept during April and May, 
while grain sulphate alumina, containing about 22% 
Al, was being used, the average length the runs the filter, 
which the period between washings, shown have been about 
6.6 hours; the range being from about about hours. 

During these runs, the height the surface the water the 
filter (which remains practically constant), was about 10.85 ft. above 
the surface the water the controller. The operating head, the 
head consumed during the process filtration, was about 10.25 ft., 
namely: the difference between the level the water surface the 
filter and the elevation the water (corresponding the head upon 
the inlet pipe the controller), above the surface the water the 
controller the time the filter was shut down for the purpose 
being washed. Immediately after washing, the commencement 
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Mr. Weston. run, about 2.92 ft. the operating head was lost friction, due 


the water passing through the clean filter-bed, screens and outlet 
pipes. 

account the desirability supplying the raw water the 
filter gravity, the filter was made only ft. high, which ft. less 
than the standard height filters the Jewell gravity type, the 
capacity installed East Providence. the filter had been ft. 
high, the standard height, the operating head would have been ft. 
more than 10.25 ft., and, consequently, the greater the operating 
head, other things being equal, the longer filter will run, the average 
length time between washings would have been longer than 6.6 
hours. 

the filtered water being pumped constantly from the filtered- 
water well into the mains, would inconvenient measure the 
amount wash water used each time the filter washed. From 
several measurements which have been made, however, the indications 
are that the average quantity wash water used does not exceed 
the total amount water filtered. 

Automatic Controller.—The operating head, during the test referred 
Mr. Fuller, was 9.35 ft., and the head upon the inlet pipe the 
controller the end the test was equivalent height 1.5 ft. 
above the water surface the controller. 

The preliminary tests the class controllers used East Provi- 
dence are made with heads ranging from ft. above the surface 
the water the controller maximum, 0.33 ft. minimum. 

Cost Operation.—The wash pump driven water turbine 
wheel, much greater power than necessary, which had been 
installed for another purpose before the filter plant was contemplated, 
and the East Providence Water Company owns the water privilege 
from which the water required operate the turbine derived, the 
writer hardly thinks would advisable for him the expense 
indicating the power required drive the pump, although, 
matter scientific interest, would like know what is. can 
state, however, that test, made about two months ago, showed the 
maximum horse-power the water pumped while washing the filter- 
bed about 14. The horse-power was computed considering 
the maximum quantity water pumped per minute, the water pressure 
the discharge end the pump, and the elevation the pump above 
the water the filtered-water well. the filter had been ft. high 
instead ft., the other conditions being equal, the horse-power 

would have been about 15.6. 

The pumping engineer, who the filter plant, estimates 
that the cost the labor required for taking care about $0.50 
the writer has already stated the paper, additional 
labor, other than that which was employed before the filter plant was 
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built, required take care the filter plant. 
ering the present consumption about 200 000 galls. would equal, 
proportionately, $2.50 per 1000000 galls. course the cost per 
000 galls. would proportionately reduced the filter was 
running the entire hours and delivering its full capacity 506 000 
galls., and would very much less per 000 000 galls. the three 

other filters, for which the filter building was designed, were installed, 

and running their full daily capacities. 

reply Mr. Gould—the general practice England appears 
be, after the repeated scrapings filter-bed have reduced its 
depth the minimum limit, dig off the old sand sections above 
the gravel and replace with layer fresh washed sand, the old 
sand then being filled upon the clean sand. 

The advantage being able sterilize the filter-beds mechani- 
filters, the writer considers much importance. 

The writer appreciates highly the thorough manner which Dr. 
Currier has treated the subject his carefully prepared and instruc- 
tive discussion. 

All processes filtration, successful, must have intelligent 
supervision. Professor Percy Frankland, whose connection with the 
London water companies well known, states, regard slow sand 
filtration: 


But the responsibility which have seen attaches this treat- 
ment water cannot exaggerated, for whilst when efficiently pur- 
sued forms most important barrier the dissemination disease 
germs, the slightest imperfection its manipulation constant 
menace during any epidemic.” 

Professor William Mason, Troy, Y., has stated, regard 
the subject: 


filter, whatever type, more delicate piece apparatus 
than generally recognized, and requires constant attention the 
most careful kind. the mechanical form filter, this care must, 
necessity, constantly forthcoming, the filter would not run 
day; the English bed, the other hand, may be, and knowledge 
is, times grossly neglected, and that too where the volume the 
supply would seem call for more attentive supervision.” 

The samples filtered water, which Mr. Williams refers, were 
taken from the controller and not from the well. 


would seem, the somewhat eccentric language used Mr. 
Williams, that has derived considerable satisfaction, drawing 


from small outline sketch some rather humorous inferences regard 
the the filter building. 


This $0.50, consid- Mr. Weston. 
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THE GROINED ARCH COVERING FOR 
RESERVOIRS AND SAND FILTERS: ITS 
STRENGTH AND VOLUME. 


Discussion.* 


Conte’s statement that many modern designs for masonry 
coverings, composed concrete and iron tie-bars combined, which 
are equally durable, strong and efficient, take less space inside and 
are cheaper and better every way broad 
sive the groined arch masonry roofs doubtless are, though 
means always when considered from comparative point view 
and the conditions they are called upon meet. With the present 
prevailing high prices iron and steel, for instance, they will 
found more economical many cases than steel and concrete con- 
struction. Freedom from the danger corrosion, and cheapness 
maintenance they certainly possess, together with strength and 
stability. Further study and experiment will doubtless determine the 
limits which the dimensions the arch may safely reduced 
under different loads, with resulting economy material. 

regards the actual expense, Mr. Hazen has stated that the cost 
the Albany filter plant roof amounted only $0.182 per square 
foot for the concrete masonry place, and less than $0.28 per square 
foot, including the cost piers, earth filling and seeding, manholes, 


Continued from October, 1899, Proceedings. See May, 1899, Proceedings for Paper, 
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entrances, fasteners, etc. small structure, where the centering Metcalf. 


cannot used second time, the cost relatively greater. Thus, 
the centering alone the Wellesley reservoir stated its engi- 
neer, Freeman Coffin, Am. Soc. E., have cost $0.225 per 
square foot. The roof the Concord, Mass., sewage storage well, 
ft. internal diameter and containing about 100 cu. yds. masonry, 
designed the writer, cost for 


$0.18 per square foot. 

Labor and supervision.................. 0.05 


Mr. Hutton has, unintentionally doubt, misquoted the writer 
saying the examples the groined arch engineering struct- 
ures that have come his knowledge are the United States.” 
What the writer said, was: examples, limited they 
are number, are all the United States that have thus far come” 
his knowledge. The limits the paper forbade reference the 
many examples, found home and abroad, the use the 
groined arch ecclesiastical structures, and the comparatively few 
engineering structures, several which Mr. Hutton has interest- 
ingly referred. One two structures, addition those described 
Mr. Hutton, which have come the writer’s notice the course 
his reading, are perhaps worthy note. The groined roof-arches 
covering the filter-beds the Zurich, Switzerland, water-works,* 
which are segmental, ft. ins. span, ft. in. rise, and ins. 
thickness concrete crown; and those the Berlin water-works 
reservoir Charlottenburg, referred William Morris’s paper 
Covered Service Reservoirs.” 

the United States least two more groined arch reservoirs 
have been built the past year, both for the storage sewage—one 
the Metropolitan Water Board Boston, Clinton, Mass., the 


other the writer Concord, Mass. 


The investigations relating groined arches Mr. Hazen and 
Mr. Fuller, made the course the design and construction 
the Albany filter plant, and the subsequent development certain 
contraction cracks that structure under changing temperature con- 
ditions, are most instructive and worthy study. The writer 
inclined agree with Mr. Fuller that tension the masonry over 
each pier, acting upon principle ‘‘somewhat analogous that 
the dome,” may factor the strength the arch; and, Mr. 
Hazen has suggested, that the cantilever principle, well that 


Engineering News, July 12th, 1894; and Minutes Proceedings, Institution 
Civil Engineers, Vol. 1892-98. 


Minutes Proceedings, Institution Civil Engineers, Vol. pages 1-60. 


¥ 
| 
| ‘ 
| 
} 
ayy 
| 
= 
‘ 
| : 
4 


Mr. Metcalf. 


DISCUSSION THE GROINED ARCH. [Papers. 


the beam and that the arch, called into the play. Just where 
one action begins and the other leaves off cannot determined 
demonstrated, but seems very probable that tensile stresses are 
first called into play the structure, and are followed compres- 
sive stresses under which the arch finally fails, was indicated 
clearly Mr. Fuller’s experiments upon small models. This indi- 
cates that the proper place introduce steel rods into the roof 
strengthen the masonry is, not over the piers, but along the crown 
lines across which tension cracks first appeared, the models tested, 
before the compression forces were called into play. 

Mr. Fuller’s method computing the volume masonry any 
given arch interesting. The work involved appears substan- 
tially the same the method pursued the writer. 


| 
| 
| 
q 
‘ 
{ 
i 
4 
q 
4 


Vol. XXVI. JANUARY, 1900. No. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE REACTION BREAKWATER APPLIED 
THE IMPROVEMENT OCEAN BARS. 


Discussion.* 


Wisner, Am. (by letter).—The ideal con- Mr. 


ditions for obtaining satisfactory results from single curved jetty 
are usually found where the structure can made continuation 
the natural curve the outlet the harbor entrance. The necessity 
placing the jetty the north side the entrance Aransas Pass 
makes reverse curve the channel, with tendency shoal the 
Crossing,” and order maintain the full channel depth ft. 
between curves without dredging will probably require spur jetty 
the south side the channel far out the wreck Mary. 
Galveston Harbor, Cumberland Sound and Coatzacoaleos Harbor, 
Mexico, are good examples natural conditions where single 
curved jetty, properly located, would certain produce beneficial 
results. The River silt-bearing stream, but the 
formation the bar indicates that the load sediment carried 
times floods not sufficient produce deposition from slight 
changes velocity current. 


for paper Lewis Haupt, Am. Soc. E., this subject, and Transactions, 
Vol. 485. 

Since the discussion Professor Haupt’s paper was prepared for press for Vol. xlii 
Transactions, the discussions printed this number Proceedings have been 
received, and notice hereby given that additional discussion this subject will 


collated and published subsequent numbers Proceedings and the next volume 
Transactions. 


Wisner. 
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The formation the west side the entrance also such that 
single jetty constructed the east side the channel would prac- 
tically control the river current restricted across the bar 
into deep water, and the littoral current from the eastward, 
has been stated, single curved jetty would the proper remedy 
apply. 

should stated, relative the fourth conclusion page 821* 
that the limitation the use single jetties the mouths silt- 
bearing rivers intended apply only such streams the Mis- 
sissippi and Brazos Rivers, where the load sediment during freshets 
such that any diminution velocity flow produces deposition. 

The phenomena observed the South Pass jetties, relative the 
effect curves and outlets through jetties near the shore, have 
interesting bearing some the conclusions brought out the 
present discussion. 

The Act Congress, under which the South Pass jetties were con- 
structed, requires the maintenance channel through the jetties 
ft. depth, not less than 200 ft. width the bottom, and having 
through central depth ft. without regard width. 

1888, the conditions the Pass became such that, order 
maintain the legal channel, dredging was necessary during most the 
time when such work could done. The writer was employed 
make the necessary improvements prevent the periodic shoaling and 
narrowing the channel, and, from careful study the situation, 
concluded that the deposit sediment the channel was due 
breaks the jetties, allowing large amount water escape 
before reaching the end the jetties, and that the curvature the 
channel was such that excessive depths developed near the concave 
jetty and caused sufficient deposit the convex side reduce the 
width depth ft. less than 200 ft. 

The construction spurs, short wing-dams, along the face 
the concave jetty intervals about 500 ft., checked the tendency 
the convex bank encroach the channel, and the repairs the 
breaks through the jetty walls stopped the excessive deposits, and 
fully justified the conclusion that the correct remedy had been applied. 

During the construction the jetties the mouth the Brazos 
River, heavy freshet occurred when the east jetty was built above 
high water for its entire length, and the west jetty only about three- 
fifths its final length, which resulted scouring out channel 
ft. deep between the jetties, and built the bar beyond the 
outer end the west jetty, that the depth was less than previous 
the flood. Careful study the phenomena both the South Pass 
and Brazos channels indicates clearly that, unless the flood waters 
the rivers are confined within the channels until discharged into the 
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littoral current outside the bar, navigable entrances cannot Mr. Wisner. 
maintained. 

The amount curvature given channel fixes the width which can 
maintained, and, the curves made sharp relatively the 
volume flow, sufficient width channel cannot maintained for 
the safe navigation large vessels. 

Experience shows that deep channels are maintained easily along 
the concave sides curves, and are deeper and nearer the bank the 
curve sharper. 

The steepness and character the banks also have much 
fixing the depth and position the deepest water relative both 
sides the channel. smooth bank along the concave side 
with shore having gentle incline toward the bed the chan- 
nel the convex side, best adapted for maintaining the ebb flow 
parallel the concave bank with minimum curvature the channel. 

The results thus far obtained the incomplete works Aransas 
Pass indicate that the design and location the structure well 
adapted for developing such conditions. 


has been familiar with Professor Haupt’s theories regard break- 
waters since 1888, and glad that opportunity has arisen for testing 
them under such favorable circumstances. The writer uses the word 
favorable, because seems him that the conditions Aransas Pass 
are peculiarly adapted successful improvement with single jetty, 
although while the old Government jetty remained, the harbor was 
effectively bottled up. 

have here Aransas Pass large sandbank the windward 
side the channel, which unquestionably caused the diagonal 
action the waves under the strong Northers moving the sand down 
before them, until they reach the outflowing current the Pass. 

this current were not there, the sands moving continuously, ever 
resultant the diagonal waves, would speedily extend the shoal 
Mustang Island and perfect the littoral cordon. Anyone who 
familiar with the sea must have noticed that this diagonal action 
present nearly all beaches the greater part the time. The 
reason that, with the wind blowing from all points the seaward 
semicircle, except the normal, and, perhaps, perfectly parallel the 
littoral, even couple points off shore, there are some points 
the compass which produce resultant diagonal wave action with 
the ground swell always rolling from the outer sea, which opera- 
tive this case, not only whenever the prevailing winds blow, but 
with every sea breeze, except that which dead on. 

The marked effect strong winds blowing diagonally long 
straight coast line seen the Florida east coast between Cape Can- 
averal and St. John’s Bar. 
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With stiff Norther blowing, the surface water blown bodily 
along the beach inside the breakers the southward; the broken and 
lumpy water offering better hold for the wind, which creates strong 
race the shallow water. This results piling the water the 
south, and, restore the equilibrium, strong counter-current estab- 
lished just outside the breakers; and happens that whenever 
Norther blowing there always stiff current running beach 
the face the wind, which very noticeable. The writer has 
observed the same thing the north coast Honduras during 
easterly winds, which are the prevailing winds that locality. 
has measured the velocity there and found 1.04 miles per hour 
inside the breakers. This current was heavily charged with sand 
which was being constantly hurried the westward and deposited 
the spit the east side the mouth the Patuca River, which 
this way had been built out 400 ft. eight years above water. this 
spit could induced extend itself some 700 ft. would form 
perfect jetty, and this what the writer proposes do; assist 
Nature building the lightest jetty possible along the extension 
the spit, which lies below water, prevent the water from the 
harbor overflowing the crest the spit and the sand from windward 
driving into the harbor; the spit will then protected its work 
completing the littoral cordon. 

Now, this what has happened Aransas Pass, where conditions 
appear quite analogous with the work being done Patuca Bar. 
The jetty built Professor Haupt has arrested the drive sand 
the southward and has prevented the escape water over the rim 
the north bank. Its curved shape has undoubtedly assisted the cut- 
ting out the channel, for the reasoning Professor Haupt this 
point not only logical, but borne out facts find them 
all natural water-courses having any current, where, every truant 
school boy can tell you, the deepest found the bends, where 
goes fishing. 

This caused the revolving motion the water, caused the 
current striking the concave bank acute angle, and being guided 
circular path causing the formation whirlpools which suck 
the sand the bottom, the same manner that everyone has 
noticed miniature whirlwind hot day, suck its vortex the 
bits paper and dust the street. 

Thus far, the writer agrees entirely with the author, but forced 
differ from him several other points. One these the little 
weight disposed give physical surveys and examinations; 
and here shown the fallacy leaving breach his wall admit 
the flood tide near the shore. While the writer agrees with the author 
fully the great and well-nigh imperative importance the study 
comparative charts, cannot conceive how any permanent improve- 
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ment ocean bar can intelligently studied without the help Mr. Baron, 


all the physical data which possible obtain. These data, the 
author observes, may sometimes seem conflicting and are often confus- 
ing, but the province the engineer study and group them 
harmonize eliminate the apparent discrepancies and contra- 
dictions, which, careful scrutiny, will generally found arise 
from imperfect improperly directed examinations, wrong locations 
observing stations, abnormal conditions arising from unusual 
phases meteorological regimen. 

also often happens, the work upon which the writer now 
engaged, that previous survey the locality has ever been made. 

are depend only comparative charts, engineer could 
lay out system improvement without ever going the ground 
person, which the writer thinks few practical men would care 
undertake; instrumental surveys, which the author condemns, 
are only more careful and extended personal observations, elaborated 
too much, perhaps, times, but still only method arriving 
facts which simple visit cannot fully determine. Unless know 
the direction and intensity all the forces operating ocean 
bar different points, how are estimate the effect these 
forces, after the changes produced our proposed works? 

The study charts alone, without surveys determine the 
intensity and direction the forces operating, also misleading, 
when studied plan alone, volume apt overlooked. 

would seem that the author has fallen into this error when 
says: 


effect the two jetties invert the natural trumpet- 
shaped opening, and diminish the area the gorge, which trans- 
ferred the crest the bar, thus reducing the tidal volumes, 
preventing the complete filling the interior compartment,” 


The author likens the natural river mouth more 
accurate comparison would made considering the trumpet 
flattened until represented cubical sector. This sector has 
depth, let say, 4or When narrow the opening over the 
bar simply turn the sector its edge and thus gain depth what 
lose width. The cross-sectional area practically the same 
before. 

The author speaks preventing the complete filling the 
interior compartment the Pass, the construction converging 
jetties. The writer would like ask him has ever seen any 
river mouth pass which has been improved converging jetties, 
the interior compartment which failed know that this 
has been prophesied often, but the writer has yet find case where 
the interior compartment failed fill. was feared that something 
this kind might happen the St. John’s River, Fla., where con- 
verging jetties have been built, and upon which the writer was 
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employed for several years United States Assistant Engineer, but 
careful surveys and examinations, made the United States Engi- 
neers after the jetties had been built, failed show any diminution 
volume. 

admitted that jetties might built close together that 
almost tide-water could enter, but that case the river, 
drainage, water from the surrounding water-shed would fill the com- 
partment, which would practically dammed up, with only sluice- 
way between the jetties. This might happen while the works were 
unfinished state, before the jetty channel had acquired its con- 
templated normal depth, and the writer can see how might easily 
raise the water level, but how can lower the interior com- 
partments cannot see. 

dredge and clear away all sand banks from the mouth the 
river, pass, and widen and deepen it, the low-water plane the 
interior compartment may lowered and the range tide increased, 
but close the mouth with dam, which two jetties amount to, 
with sluice-way between them, will most certainly raise the 
water level the interior compartments, and reduce the tidal range, 
just proportion the size the sluice-way between the jetties. 
If, then, raise the water level, must have more water the 
compartments, and the writer fails see why fresh water not 
good salt water for navigation for scouring. 

Even where river debouches through the jetties, and have 
only salt-water lagoon harbor, the case would rare indeed, 
where, taking period year several months, the effluent dis- 
charge did not exceed the influent. The reason for this is, that there 
always water-shed greater less extent every harbor, and 
the writer ventures say that Professor Haupt would never succeed 
draining even purely tidal basin building dam across with 
open sluice-way. Those who have had experience draining tidal 
marshes know how difficult accomplish this, even with tidal 
sluice-gates. 

For these reasons the writer utterly the plan 
leaving opening next the shore, anywhere else, except the 
jetty channel, for the admission tide water. opening through 
which the tide can enter permits more less the ebb tide 
out, and just that much lose scouring power the ship 
channel, and are likely set dangerous scour the subsidiary 
channel, which may endanger the stability the works, bring 
undesirable amount sand into the harbor. 

This problem easily deduced the reductio absurdum, for 
small channel good thing, larger one better. Then 
make with the same cross-sectional area our main channel, 
will lose nearly not quite the same amount water, depending 
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the relative velocities, and the scouring effect reduced; for, Mr. Baron. 


spite the incident, quoted the author, the flood last summer 
the Brazos not deepening the channel between the jetties the 
mouth, know that lessening the volume and velocity discharge 
produces bars and banks, which are swept away when floods come, 
and these cases are well known and numerous require 
demonstration. 

Tf, then, instead having two openings say, the same width, 
with only ft. depth each, turn all the water through one 
ft. depth, the writer fails see why the flood tide cannot find this 
opening and make good use required. But the writer 
would prefer keep all the flood tide out, were possible, and 
replace with water drainage river water, even the extent 
creating greater velocity between the jetties than might desir- 
able, which there would some danger doing the mistake was 
made making the channel too narrow. 

This simple matter computation, however, and the duty 
the engineer make just right. 

Leaving jetty without any support, with gap between and 
the shore, seems the writer like sending forlorn hope into 
enemy’s country unsupported. are fighting the forces Nature, 
and must careful and not cut off from our reserves. 

Another reason for leaving gap the line behind the ever- 
restless sand, which, previously explained, always traveling 
down the beach. opening left here deposits itself the 
fair-way, but the jetty continuous the shore the sand soon fills 
the bight with curved foreshore advanced near the outer end 
the jetty, backing and protecting the work, and rendering inde- 
structible the waves. 

For this reason, the jetty, this position, can very much less 
massive than would otherwise necessary, and the cost reduced 
immensely and the river banks made continuous the sea end. 

This what happened the Suez Canal, Port Said; St. Johns 
Bar, Fla., where the seaward angle the south jetty filled for 
over quarter mile out; Greytown jetty, Nicaragua; and what 
sure happen every similar case sandy shore, where the 
prevailing winds blow along shore and into the bight made the 
jetty. 

The writer laid out the jetty Greytown, making angle 
about 78° with the shore line the eastward, from which quarter 
came the prevailing wind, and whence the sand was constantly moving 
along the beach. The location this jetty was afterward moved 
quite distance the west, but the principle remains the same. 
the writer’s opinion, large amount might have been saved the 
cost construction Aransas Pass, the jetty had been connected 
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Mr. Baron. with the shore the first place, as, although longer, could have 
been much less massive and more secure, for Nature would then have 
been assisted building the foreshore, which would have formed 
solid spit the back windward side. 

While the jetty Aransas Pass has proved success securing 
deeper water, the writer does not believe that can make hard- 
and-fast rule, applicable every bar. Each case must studied 
with the help all the data which can obtained, and the success 
this instance certainly does not warrant the author’s sweeping 
condemnation convergent parallel jetties, which been 
successful, the author admits, the Danube and Mississippi Rivers, 
Tampico and also St. John’s River, Fla., Charleston, Newbury- 
port, Galveston, Brazos River, the Swinemunde Haff, Germany, 
Volusia Bar, Lake George, and undoubtedly would have been 
Cumberland Sound, which the writer laid out for General Gillmore, 
had not been for the peculiar management the work Captain 
Carter. 

St. John’s Bar the depth has been increased from ft. 
Volusia Bar, which work the writer was charge, first engi- 
neer and later contractor, the depth was increased from ft., 
all that was demanded boats the class navigating it. Many 
others might mentioned. 

Where dredging has been resorted connection with these 
jetties has generally been done while the works were yet 
uncompleted state and hasten the development deep channel 
the instance some impatient board trade meddling member 
Congress. Sometimes rendered necessary, owing the loca- 
tion the jetties and the resulting jetty channel, St. John’s Bar 
and Greytown, where the new channel, both cases, had cut 
through sand bank and ft. above the water. St. John’s Bar 
the south jetty crossed the main ship channel, order make the 
resulting jetty channel take more direct route deep water outside 
the bar, and this channel had made through large sand bank, 
known Ward’s Bank, which was dry high water and nearly ft. 
above low water; otherwise the north jetty would have had more 
than double its present length. question would not have 
been cheaper, the end, have followed the natural channel, this 
case, and assisted Nature deepen it. After all bar improve- 
ments, the main thing the location the jetties, and always 
safest follow and assist Nature, when possible. This shown, 
the case under consideration, the location the old Government 
jetty, which was flagrant example wrong location, was built 
leeward the proposed channel, leaving entirely unprotected 
from the encroaching sands windward, with the result that failed 
entirely produce the desired results. 
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The use curved, instead straight, jetties not new, well Mr. Baron. 


known. Here have two jetties, both curved, but one properly located 
and the other improperly. The old Government jetty evidently 
attempt follow the plan adopted Swinemunde Haff, below 
Stettin, Germany, where curved jetty was built over years ago, 
which has proved successful; but this jetty was built windward 
the channel, should be, whereas the case Aransas Pass the fatal 
mistake was made building leeward. The fact that one jetty 
has been built here which has secured deep water does not prove that 
two jetties, properly located, would not have produced the same, 
not better, results; butif can dispense with one the jetties, and 

The reason the author’s jetty has succeeded and the Government 
jetty failed is, the writer’s opinion, entirely due its location, and 
there little doubt that straight jetty the same location would 
have produced the same results, the main thing this case was 
protect the channel from the encroaching sands windward. This 
done, Nature could safely left the rest. work this kind 
cannot cut out pattern, lay down every chart ocean bar, 
and expect jetty breakwater built after open channel, any 
more than can take the locations, plans and profile one railroad 
and use them for every other. Hardly any two cases can treated 
exactly alike, but every one must studied detail, and with all the 
light past experience and history aid digesting and formu- 
lating all the facts obtainable each particular case. 


Am. Soc. (by letter).—Although Mr. Williams. 


the writer can lay claims experience the construction jetties 
the improvement harbors, has come his way study quite 
closely the action water upon the surfaces which confine it, and 
seems him that the so-called reaction breakwater the only prac- 
tical application the real forces erosion moving water which 
has been cited the present discussion. Without intending any 
way show disrespect for the older members the profession wishing 
accused partisanship, must said that the true and most 
effective cause scour water currents seems have been almost 
entirely overlooked, even eminent engineer Captain Eads. 
The flow water straight channels regular cross-section 
not likely accompanied strong scouring action, even quite 
high velocities, because the direction the flow the individual 
filaments the water tangential the bounding surface, but let 
curve long radius introduced and something quite different will 
occur. The point region maximum velocity will disturbed 
and carried toward the convex side the stream, and the resulting 
rearrangement the velocities will produce something approaching 
spiral motion the water, which will not for any considerable 
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distance tangential the bounding surfaces, and hence erosion will 
take place once. the curve continued for sufficient dis- 
tance, the velocities rearrange themselves conditions most closely 
conforming their equilibrium and the scour diminishes, the direction 
the currents becoming again tangential. If, now, tangent 
introduced, the arrangement velocities the filaments again 
disturbed and excessive erosion again sets in, disappear once 
more when they have again arranged themselves. The success the 
reaction breakwater lies the fact that has set these non- 
tangential currents, and the success many double straight parallel 
jetties lies the circumstances their having received stream from 
tortuous river channel and forced straighten itself flows 
through them, thereby setting the cross currents; while the fail- 
ure others similar construction has been due the circum- 
stance that they received stream already moving comparatively 
straight lines, and have continued the same lines without setting 
non-tangential currents. So, should not expect that the im- 
provement tidal harbors the passing volume water and out 
between straight parallel walls would produce any very great amount 
scouring; but passed along curved surface, and out, con- 
tinual setting eddy currents will produced and the scouring 
accomplished. The writer, only few days ago, had opportunity 
observing current full eddies moving stones half large 
man’s head, while few hundred feet further on, the same water, with 
lineal velocity twice great, would not move stones the size 
hens’ eggs. 
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contributed valuable addition the literature hydraulics and 
the subject Mississippi River Improvement. 

While the principles involved are not any means new, the 
method deduction, and the transfer the discharge-gauge rela- 
tion from gauge gauge altogether so, far the writer knows. 

The results obtained present once, convenient form, dis- 
charge-gauge relation for each gauge considered, which most inter- 
esting and useful river engineers, especially those charge 
levees; for, the relation demonstrated reliable, furnishes 
clue possible gauge heights when the river confined, which, for 
any very great flood year, has never been done. other words, say 
that know the maximum discharge, due pass given place; 
what height the gauge will that discharge raise the surface level 
the water? 

The question possible gauge height paramount one the 
levee engineer when becomes necessary establish grades for his 
levees, when the river confined throughout its length, any por- 
tion its length. 


This discussion (of the paper James Seddon, Am. Soc. printed the 
Proceedings for October, Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 71.) 

this subject received prior February 1900, will 
printed later number Proceedings, and subsequently the whole discussion will 
published Transactions. 


Mr. Todd. 
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While the paper may not give conclusive evidence the subject, 
yet may apply the discharge-gauge relations, and compare results 
with those obtained different methods computation; which 
methods, every case, are crude and more less hypothetical. 
may thus check former calculations, inaugurate further 
tions and calculations, order reconcile the discrepancy any 
found exist. 

very true that difficult and expensive measure the dis- 
charge sufficient number points, and study very closely the 
progress and attendant phenomena and laws water its passage 
through great channels like the Mississippi below Cairo. Observa- 
tions which have been made seem discordant and discrepant, and 
methods have been crude, but, beyond doubt, work which has been 
done along this line cannot praised too much. From the very 
first discharge measurements taken the Mississippi, the methods 
have been improved upon, and the consequent results enhanced 
value, the present time; and the writer thinks this improve- 
ment, both methods and results, will continue. Therefore, 
would not too hastily declare the author’s method studying river 
phenomena one which could supersede the old altogether; but, 
before stated, the author’s principles, properly applied, should fur- 
nish valuable check and help river engineers future studies 
and investigations. 

The author gives what calls (average) ‘‘discharge scales.” 
The writer has hand the author ‘‘on Reser- 
voirs and their Effects the Floods the Mississippi System” 
which these are plotted much larger scale, and they 
are very interesting study. The writer has tested them with 
observed discharges taken various times, and has found that the 
scales agree very closely with the actual results obtained from field 
discharge observations, and, all instances and all stages, they 
seem show the average discharge. 

number lines study, these average scales, they are, 
should give correct results. But occurs the writer that, many 
instances, before the levee engineer can accept the plotted values 
correct, must take into account the local condition the water 
surface the reach has under consideration; whether rising, 
stationary falling, and the rate rise fall; these are conditions 
which affect the flow. The author calls attention the fact that, 
same change the conditions flow which would change the 
surface level ft. river from 100 ft. deep, would only 
change 0.1 ft. river from ft. deep.” that, while 
the difference discharge, due whether the reach rising fall- 
ing, small low stages, becomes, high stages, such magni- 
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tude that cannot neglected. The author states that the time Mr. Todd. 
change level, passing through given reach, abso- 

lutely constant; but the writer understands that most, not all, river 
engineers hold, from observation, that fall travels more slowly than 

rise; and, even low stages, rise the reach, the latter long 
enough, will overtake fall. Thus the author’s formula cannot 

strictly reckoned constant. 

The author calls attention change plane Arkansas City, 
and offers possible explanations the cause, neglecting entirely 
what seems the true cause the change; any rate, eminent 
engineer William Starling, Am. Soc. E., who recog- 
nized authority river subjects, accounts for the identical change, 
and plots the identical figure used the author, Fig. 

paper Major Starling,* Fig. 24, page 450, shows, 
evidently, that the change plane that which recurs regularly, 
shifting from one the other, according whether the river rising, 
stationary falling. 

that valuable paper Major Starling undertakes foretell the 
probable gauge height maximum flood discharge reaches where 
the floods have never been confined. frequently calls attention to, 
and takes into account, the difference discharge, equal stages, 
due and after rise,” and always obtains 
two curves, calling them the two 

Fig. the writer has plotted the discharge observations 
referred both the author and Major Starling, and has fitted and 
marked distinctively, curves through certain periods rise and fall. 

will seen that the fall February 4th had something 
with the shifting the discharge-gauge relation the stage 
that date, and there car plotted, through the points indicating 
fall, distinct and separate curve from that drawn through the points 
marking the rising stages. This second branch traced down long 
the river falls. rise commences March 4th, and, instead 
the discharge-gauge relation agreeing with the rise December 30th 
January 18th, the discharge seems pass considerably higher 
gauge readings. Under the circumstances, the writer thinks the 
foregoing fact should expected. The average datum area was 
practically the same during both rises; while, from December 30th 
January 18th, days, the river rose ft., average 1.3 ft. per 
day, and from March 6th March 23d, days, rose only ft., 
average 0.7 ft. per day. 

For any portion the reach which Arkansas City situated, 
there are gauge relations, which cannot doubted, then, for rise 
1.3 ft. per day, the slope bound greater than for rise only 


Discharge the Mississippi River, Transactions, Am. Soc. E., Vol. xxxiv, 
347. 
Ibid, 465, Fig. 29. 
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0.7 ft. per day. Assuming, the author does, that the miles per day 
traveled change gauge height given reach Fig. 17, 
constant; assuming, also, that ft. rise equal the same 
that the time interval day; also, suppose that, given day, 
the gauge arise 0.7 ft., then the full line A,-B will 
represent the general slope the river that day; the next day 
there will 0.7 ft. rise and also and for all succeeding 
days, long the increment 0.7 ft. daily obtains, the slope 
those days will continue parallel A,-B. 1.3-ft. rise 
recorded the dashed line A,-B will represent the general slope 
for that day, and for all succeeding days the 1.3-ft. rise. Now, 
for example, assume the distance, equal miles, then the 
increase slope the 1.3-ft. rise over the 0.7-ft. rise 0.006 ft. per 
mile. The slope being function discharge, the discharge-gauge 
relation varies accordingly. 

falling nearly constant rate, true discharge measurements 
could obtained and plotted, the points would lie two perfectly 
regular curves, one representing the rising river, and the other the 
falling river, for that rate rise fall; and points for any other rate 
rise fall will depart from these curves more less. Sothat, for 
the conditions the water surface, with constantly varying rates 
rise and fall, the actual curve discharge-gauge relations never 
regular one. But, between imaginary curve, representing the 
discharges passed throughout rise extreme flood height, rising 
the constant rate the greatest known average rise per day, and 
curve representing fall under the same conditions, there may 
constructed mean curve which would give basis which reckon 
discharge- gauge relations under all varying conditions flow. 

the observations from which Fig. was derived had been 
continued, and the river had fallen stage ft., without being 
influenced any sudden rise fall, the points obtained, the writer 
thinks, would lie about where the marks are indicated. Taking 
these points into consideration, and also the points plotted 
51.5 obtained from discharge observations the Mississippi River 
Commission 1897 and 1898,* and projecting mean curve through 
all the points obtained, indicated the full line, this curve, 
similar form, would correspond the author’s discharge scales, and 
about what would obtain for Arkansas City, not exactly the 
same. 

Fig. shows plainly the departure some the observed dis- 
charges from the average discharge-curve. For investigations requir- 
ing the summation discharge over period covering rise and the 


See corresponding reports the Mississippi River Commission. 
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Papers. 


corresponding fall about the same stage, the scales constructed Mr. Todd. 


the author cannot improved upon. But, before stated, they will 
not where the discharge covering any given day, the maximum 
discharge, wanted. the average discharge curve useful 
such instances, corrections must applied all stations, least 
below Cairo, the Lower Mississippi; and, the writer thinks, that 
the correction depends principally the slope the surface the 


DISCHARGE, THOUSANDS CUBIC FEET PER SECOND. 
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DISCHARGE-GAUGE RELATIONS 
ARKANSAS CITY, 


GAUGE HEIGHT. 


CURVE, SHOWING RISE, 1.2 FT. PER DAY. 
POSSIBLE CURVE, RIVER HAD FALLEN, AFTER APR. 9TH, 
STAGE. 


AVERAGE DISCHARGE-CURVE. 


water the reach which the gauge station under consideration 
located, and the time the discharge corresponding given gauge 
height desired. These slopes can had roughly, the present 
time, and, the gauge stations were located and kept, suggested 
the author, the slope between them could ascertained accurately 
all times. 
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The author states that certain instances corrections should 
applied, and undoubtedly has taken all the foregoing facts into 
consideration, and probably has method applying the correc- 
ction, not hinted him conceived the writer. Possibly 
the writer, his limited study the problem, has laid too much 
stress the slope due the many various conditions the river, 
owing the rise and fall alone; any rate, hopes that the author 
will state, his closure, what his corrections are, and what extent 
they will affect the quantities given the discharge-scales. 

There one thing certain, the author states, transferring the 
investigations down the river below Cairo, the problem becomes com- 
plex indeed, due, principally, the enormous number variations 
and combinations slope and momentum possible, according the 
condition the water level, not only the single reach, but prob- 
ably several reaches above, which may affect the discharge ma- 
terially; and also the conditions and stage existing the various 
tributaries. However, the only way arrive any tangible results, 
clearing and solving this great problem, keep hammering 
away it; and the more hammer, the sooner the desired end 


17. 


will attained. After the levees have been maintained through- 
out several extreme high waters, may expect have some light 
the subject. Heretofore, all the extreme high waters, after passing 
Cairo, have first been restrained one place, and then have broken 
the levees and inundated basins other places, the conditions 
one year repeating themselves the next; and impossible study, 
with any degree satisfaction, flood spread over 100 000 square 
miles and upward. One flood, that 1898, comparatively short 
duration, which came within ft. the 1897 water Cairo, was re- 
strained successfully where leveed. The St. Francis levees were not 
completed, within some 100 miles Helena, but the remaining portion 
now being constructed. This basin being for great part still open, 
the question the effect its closure the flood plane, gauge 
Helena, still problematical. 

that, for many years come, the subject presented the 
author will important study all engineers interested the 
Mississippi River problem, and hoped that will give us, 
some future date, the results his further investigations. 
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MEMOIRS DECEASED MEMBERS. 


will reproduced the Volumes Transactions. Any informa- 
tion which will amplify the records here printed, correct any errors, should 
forwarded the Secretary prior the final publication. 


ROBERT GILLHAM, Am. Soe. E.* 


Diep May 1899. 


Robert Gillham was born New York City, September 25th, 1854, 
being the third son John and Clarissa Gillham. His father 
Englishman, but emigrated America early life, and has held 
important positions trust under the Government the United 
States. 

His mother was American, from one the oldest and most 
respected families New Jersey. 

Having completed course private school Lodi, J., 
the age sixteen, entered the Institute Hackensack, 
soon became assistant Professor Williams, President the Insti- 
tute, and under his private instructions continued the study 
engineering until 1874, when began practice his profession 
Hackensack. Here, many problems were entrusted him, the suc- 
cessful solution which brought him much special work from New 
York City. 

was this time that was given the problem utilizing the 
sulphur zine ores. After most exhaustive investigation all the 
methods use, Mr. Gillham designed furnace for desulphurizing 
zine ores such way that, while the value the zinc was 
way affected, the sulphuric acid gas was used the manufacture 
sulphuric acid. This was most important step the economy 
production. 

Mr. Gillham removed Kansas City, Mo., 1878. quickly 
saw the advantages cable traction for the operation street railways 
for that city, and once proceeded make plans for cable railway 
run from the Union Depot, the precipitous bluff, direct the 
business center the city. The idea such thing was novel, 
and the engineering difficulties were apparently great, that his 
project was first regarded chimerical all those who were ina 
position assist him. After many disappointments and discourage- 
ments, succeeded finally enlisting the necessary capital. His 
next problem was obtain franchise from the city. Here, 
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encountered the resistance the horse-railway company, which, not- 
withstanding its inadequacy, was being operated great profit. 
This resistance, owing the great local influence that company, 
proved, according Mr. Gillham’s own statement, one the most 
formidable obstacles encountered his career. However, with 
unexampled tenacity purpose, persisted until success had 
crowned his efforts. 

The spectacle this young man twenty-five, practically 
stranger strange land, essaying solve engineering problems 
which older heads had pronounced impracticable, proceeding with his 
task, undisturbed the strictures ignorance and undismayed 
the immense power municipal politics which found arrayed 
against him, and conducting his enterprise pre-eminently suc- 
cessful issue, both physical and financial sense, may justly held 
all men, both young and old, for emulation. 

The complete and astonishing success which finally attended his 
labors was emphasized, not only the enrichment his associates, 
but also the adoption his plans, its immense profit, the 
very company which had bitterly opposed him. 

sad relate, however, that just the hour his triumph 
was stricken down accident which caused him hover between 
life and death for many months, when should have been resting 
peace from his labors and enjoying health and comfort the feeling 
which comes from the consciousness important services rendered 
and arduous duties well performed. 

Having recovered his wonted health and spirits, conceived the 
idea elevated railway over the low lands the west Kansas 
City, Mo., and across the Kansas River Kansas City, Kans. 

Owing the then undeveloped condition street-railway traction, 
was forced the use steam, not being practicable use the 
cable. Having constructed the road west from the Union Depot 
Kansas City, Mo., soon became necessary extend eastward 
the business center that city. This called for tunnel 700 ft. 
under the bluff, gradient, and made necessary the adoption 
cable traction for the extension. The whole work was completed 
1887, but the road, from the necessity having two kinds 
power, and from the fact its being little advance require- 
ments, did not prove first financial success. 

About this time also had charge the construction the 
Omaha Cable Railway, the Denver City Cable Railway, the Montague 
Street Cable Railway, Brooklyn, and the Cleveland City Cable Rail- 
way, all which enterprises were based upon the success Mr. 
Gillham’s Kansas City Cable Railway. 

1888 was retained investigate the problem changing the 
motive power the Boston street railways from horse cable. 
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Before had completed his investigations, however, the prac- 
ticability electricity motive power for street railways had 
been demonstrated, and the Boston people decided adopt that 
method traction. 

Shortly after this, connection with the late John Wilson, 
Am. Soc. E., Philadelphia, made report relating 
extensive elevated railway system for Boston. 

also visited Europe, and made extensive investigations the 
problem compressed air, Paris and London. 

1890 the Kansas City Elevated Railway Company had become 
involved financial difficulties, and Mr. Gillham was asked take 
charge the rehabilitation the property, and was appointed 
Receiver and General Manager that company. once changed 
the motive power electricity, and his successful management 
and adroit and able conduct was able, 1894, effect sale the 
properties the Metropolitan Street Railway Company, terms 
highly advantageous those represented. 

was the same time Receiver and General Manager the 
North East Street Railway Company, Kansas City, and conducted 
the affairs that company highly satisfactory settlement. 

Mr. Gillham’s labors connection with the receivership and 
management the Kansas City Elevated Railway were exceedingly 
arduous, much so, fact, that the summer 1894, shortly after 
the settlement that company’s affairs, was stricken with nervous 
prostration, and was compelled spend some months recuperation. 

1895, accepted the position Chief Engineer the Kansas 
City, Pittsburg and Gulf Railroad Company. that time this rail- 
road had only been built far Siloam Springs, Ark., 230 miles 
south Kansas City. the latter part 1897, Mr. Gillham had 
the line completed and operation through Port Arthur, Tex., 
total distance nearly 800 miles from Kansas City, and had also built 
and operation, about miles railroad Missouri, north from 
Kansas City, and miles branch roads the southern parts 
the Pittsburg and Gulf Railroad System. 

One great work which Mr. Gillham undertook, was the construc- 
tion the Port Arthur Ship Canal, which extended from Port Arthur, 
Tex., the southern terminus the Pittsburg and Gulf Railroad, 
deep water Sabine Pass, Tex., the Mexico. This canal 
miles long, 175 ft. wide and ft. deep, and the time writing 
this memoir, but few months after Mr. Gillham’s death, practically 
completed. The canal was begun the latter part 1896. The en- 
gineering difficulties were readily overcome the foresight and 
resource its Chief Engineer, though the opinions several well- 
engineers were against the practicability the project. 

From the first, the enterprise met with strenuous opposition from 
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adverse interests, and the opponents the canal thoroughly exhausted 
every known method resistance, and out thecourts. They 
even succeeded getting the United States Government interfere. 
Mr. Gillham was, however, not only engineer, but diplomatist 
more than average ability, and having, moreover, remarkable faculty 
presenting his views and opinions plain and convincing manner, 
soon broke down all opposition. 

1896, was appointed General Manager the Kansas City, 
Pittsburg and Gulf Railroad, well the Kansas City Suburban 
Belt Railroad. 

1897, addition these positions, also assumed the posi- 
tions General Manager and Chief Engineer the Omaha and St. 
Louis and the Omaha, Kansas City and Eastern Railroad, and the 
Kansas City and Northern Connecting Railroads. 

April 1st, 1899, was appointed one the Receivers the 
Kansas City, Pittsburg and Gulf Railroad, retaining his position 
General Manager both the Kansas City, Pittsburg and the 
Kansas City Suburban Belt Railroads, but resigning his position the 
other roads mentioned. 

April 27th, 1899, result the litigation the affairs the 
Kansas City, Pittsburg and Gulf Railroad, change was made the 
receivership that company, but Mr. Gillham was, recognition 
his services and abilities, appointed the Court General Manager 
for the new receivers. 

But this sphere routine railroad work, though not being 
sufficient satisfy his enterprising spirit, the same time sought 
other fields fill the measure his energy and talents. 

Thus, the time his death, held the following positions: 

General Manager and Chief Engineer for the Receivers the Kansas 
City, Pittsburg and Gulf Railroad; General Manager and Chief Engi- 
neer the Kansas City Suburban Belt Railroad; General Manager and 
Chief Engineer the Port Arthur Channel and Dock Company; Presi- 
dent the Armourdale Foundry Company; Vice-President the 
Kansas City Elevated Railway Company; Director the Missouri, 
Kansas and Texas Trust Company and the Kansas City, Pittsburg and 
Gulf Railroad. 

was also active member the Board Park Commissioners 
Kansas City, Mo., which capacity had done much develop 
the park systems that city. 

was leading member the Commercial Club Kansas City, 
having, such, devoted much his time and energies the work 
that organization. 

was member the American Society Civil Engineers, 
the Society Marine Architects and Naval Engineers, and the In- 
stitution Civil Engineers England. 
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December, 1881, was married Miss Minnie Marty, the 
daughter prominent capitalist Kansas City. His wife, two 
daughters and infant son survive him. 

For some time before his death, the condition his health ad- 
monished his friends that was overworked, fact during this 
period would seem that nothing save his enterprising spirit and 
wonderful recuperative powers had borne him up. 

May 13th, 1899, having just returned from exhausting tour 
inspection over the Kansas City, Pittsburg Gulf Railroad, 
stricken with nervous chill, which was followed pneumonia. His 
physicians stated that ordinarily would have easily thrown off the 
disease, but that his exhausted condition the worst might 
feared. lingered until 8.30 May 19th, when passed peace- 
fully away, surrounded his family and nearest friends. 

Mr. Gillham’s interesting and valuable career resulted from rare 
faculty create his own opportunities, from ability use the 
same for the achievement practical results, from integrity and 
loftiness purpose which directed his powers highest and most 
useful ends, from genial and engaging manner, concerning the sin- 
cerity which his contempt for all hypocrisy and his many deeds 
disinterested kindness left room for doubt, and from courage, 
constancy and energy which left him ever undismayed. 

happened that just before his death was selected present 
tribute the memory prominent fellow citizen. This tribute 
contained the following words: 

having constructed man that might not exist with- 
out relation his fellow man, has kindly placed among some whose 
mission scatter peace and happiness all along the path life. 
every one these thereis monument built his own good deeds, 
and though inscriptions may not upon it, God will know whom 
was erected.” 

These words will serve show the standard their author’s 
excellence, and his life and deeds proclaim how well followed it. 

Mr. Gillham was elected Member the American Society Civil 
Engineers, June 2d, 1886. 
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REPORT FULL THE FORTY-SEVENTH ANNUAL 
MEETING, JANUARY 17th and 18th, 1900. 


Wednesday, January 17th, 1900.—The meeting was called Meeting called 
order 10.15 m., President Desmond FitzGerald the chair; 
Charles Warren Hunt, Secretary. 

The will you please come order? Now, 
have long meeting and hope you will all take active part 
it, that may get through one o’clock. 

The first matter business the reading the records the 
meeting, and Mr. Richardson moves that the reading the records 
the last meeting dispensed with. Those favor that motion 
will signify saying Aye; opposed, No. 

The motion was carried. 

The The first business appoint the Tellers, 
vass the ballot for officers for the ensuing year. The Chair will ap- 
point Mr. McC. Leutzé and Mr. Rood, those gentlemen 
will kindly begin the duties their office. 
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The the front room the Tellers will find the ballots. 
prepared, and assistants help open them. 

The this long process counting votes and 
will take some time, any one here has not voted will have 
abundant opportunity so; but the polls will closed twelve 
o’clock. 

The first important business this morning the reading the 
report the Board Direction. The Secretary will please read it. 

The Secretary read the report the Board Direction.* 

The you have heard the report the 
Board Direction read the Secretary. What your pleasure? 

Past President Am. Soc. E.—I move its accept- 
ance, sir, and that placed file. 

The motion was seconded. 

The moved that the report accepted and placed 
file. Those favor the motion will please signify saying 
Aye; opposed, No. 

The motion was carried. 

The next report the report the Treasurer. 

The not see that the Treasurer here. 

The Thomson not here. Will the Secretary 
please read the report 

The Secretary read the report the Treasurer.} 

The your pleasure with this report, gentle- 
men 

Mr. move its acceptance and that placed file. 

The motion was seconded. 

The moved that the report the Treasurer 
accepted and placed file. Those favor the motion will signify 
saying Aye; opposed, No. 

The motion was carried. 

The any gentleman wish ask any question 
regard this report? Or, perhaps, had better wait until they are 
allread. the pleasure the meeting will wait until 
these reports read. The next the report the Secretary. 

The Secretary read his 

The may say that the payment spoken the 
report the Board Direction $10 000 has already been made. 
was made the 15th this month. 

The that the whole your report 

The sir. 

The your pleasure regard the report 

See Proceedings, Vol. xxvi, (January, 1900). 
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the Secretary? Itis moved that the report the Secretary accepted 
and placed file. Those favor the motion will signify say- 
ing Aye; opposed, No. 

The motion was carried. 

The next business will the report the Com- 
mittee Recommend the Award Prizes for the last year. the 
chairman that Committee here, Mr. Secretary? 

The Rodd the chairman. not see him 
here. 

The there any member the Committee here? 
Have you the report, Mr. Secretary? 

The sir. 

The Secretary read the following report the Committee Recom- 
mend the Award Prizes and Medal: 


Report Committee Recommend Award Prizes. 


Pa., JANUARY 1900. 
the Board Direction, 


220 West Fifty-seventh Street, New York City. 
GENTLEMEN,— Your Committee Award the Prizes and Medal for 


papers published during the year, ending with the month July, 
1899, begs report follows: 


After careful consideration, are unanimous recommending the 
award the— 


Collingwood Prize:—To Paper No. 846, Julius Kahn, Coal 
Hoists the Calumet and Hecla Mining Company.” 

The Thomas Fitch Rowland Paper No. 836, 
Buck, the Niagara Railway Arch.” 

The Norman Medal:— Paper No. 850, Herbert Stone, 
Determination Safe Working Stress for Railway Bridges 
Wrought Iron and Steel.” 


Respectfully yours, 
Chairman. 


The meeting the Board Direction held yes- 
terday, was resolved award these prizes accordance with the 
recommendations this Committee. 

The you have heard the report this 
Committee. your pleasure? moved Mr. French that 
this report accepted and placed file. Those favor that 
motion will signify saying Aye; opposed, No. 

The motion was carried. 

The think, gentlemen, that this the first 
the history the Society that the award the Norman Medal has 
been made member the Society who not 
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not? 

The sir. 

The that something more than ordinary 
compliment seems me, that this year the Norman Medal goes 
non-resident. 

The following resolution was adopted the last Annual 
tion: 

the Board Direction requested consider the propriety 


providing for the payment the expenses the members forming 
the Nominating Committee attending the meeting that Committee 


and report with further suggestions regard methods for the nom- 


ination officers the Annual Meeting.” 

Also was moved, seconded and that the Article the 
Constitution referring the matter the Nominating Committee 
referred the Board Direction for consideration and report. 


report the Board Direction has been made and has been 
adopted regard subject. That report will now read the 
Secretary. 

The Secretary read the report follows: 


Report the Board Direction Matters Relating the 
Nominating Committee. 


The following resolutions were adopted the Annual Convention: 


the, Board Direction requested consider the 
propriety providing for the payment the expenses the 
members the Nominating Committee attending the meetings 
that Committee; and report with further suggestions regard 
methods for the nomination officers the Annual. and 

That the matter the revision the Article the Constitution 
relating the nomination officers referred the Board Direc- 
tion for consideration and report.” 

The Board respectfully reports that, after careful consideration 
the whole matter, does not seem necessary that any action taken 
provide for the payment traveling expenses members the 
Nominating Committee, for the following reasons: 

First.—The uncertainty the amount involved, and the possible 
opening the door payment other traveling expenses from the 
funds the Society, for the attendance Directors monthly 
meetings, and for the attendance members special and standing 
committees. 

Second.—The Nominating Committee, present constituted, 
consists nineteen members annually, seven which are elected each 
year and one being added each year reason his becoming Past- 
President. Eleven members this Committee therefore hold over 
and have more year which, correspondence, arrive the 
views representatives districts who might not able attend 
meeting New York. submitted that the results such 
correspondence were communicated promptly the new members 
the Committee upon their election the Convention, there would 
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ample time ascertain their views regard candidates before 
meeting held. 

appears the Board, therefore, that strictly within the 
power the Nominating Committee, present constituted, 
arrange its business that each member should have vote 
whether able attend meeting not, and that the intent 
Article VII, Section and the Constitution, giving equal 
representation this Committee each the several districts, 
would this way carried out more thoroughly than providing 
for the payment traveling expenses. If, order have voice 
selecting nominees, members this Committee must present 
meeting, the element time, which probably important that 
expense, still the way, and seems doubtful residents 
the Pacific coast Texas, whether their expenses were paid not, 
would find possible leave their work for this purpose date 
previously fixed without consultation with them. 

The Board recommends that change made Article 
the Constitution, believing that amendments the Constitution are 
not desirable unless evident that they are imperatively needed, 
and that this case such need has not been demonstrated. 

order the Board Direction, 
WARREN 
Secretary. 


The your pleasure, gentlemen, regard 
this report? 

move that accepted and adopted. 

The moved that the report accepted and adopted 
this meeting. Are for the question? Those favor 
that motion will signify saying Aye; opposed, No. 

The motion was carried. 

The President, connection with this subject 
have letter from Member the Society, proposing amend- 
ment the Constitution this subject and asking, although 
knew that action would taken the Society this meeting, 
that the matter brought before the meeting. from Mr. 
Ockerson, who was elected member the Nominating Com- 
mittee last year. 

Sr. Mo., 1899. 
Mr. 
Secretary Am. Soc. E., 
New York. 

Dear enclose proposed amendment Sec. Art. VII 
the Constitution, duly signed five members, required. 

understand that cannot voted the Annual Meeting, 


but would like very much have presented for informal discus- 
sion that meeting. 


There urgent demand for amendment this character, 
and trust the object will attained its adoption. Personally, 
would satisfied some result could secured the action the 
Board Direction. Yours very truly, 


OCKERSON. 


Proposed 
Amendment 


Constitution. 
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has become apparent that the method now vogue selecting 
candidates for the various offices the Society open serious 
objections and should modified eliminate these objections 
far practicable. 

There seems unwritten law which requires the Nominating 
Committee meet the Society House New York when they select 
the nominees. The practical effect this prevent the attendance 
the members from remote districts, owing the great expense 
time and money involved, and the nominations are, therefore, left 
the hands few who live nearby and can readily attend. 

The importance this matter shown the proposition made 
the last Convention, that the Society should pay the expenses the 
members the Nominating Committee. This would impose very 
heavy burden the Society and one which unnecessary. 

slight changes the method appointing the Nominating 
Committee, much the difficulty can obviated. 

The method proposed for the selection members the 
Nominating Committee the Annual Meeting. ‘This can done 
sending out with the regular ballot for officers, slip which can 
written each member’s preference for member the Nominating 
Committee. 

From the names thus sent in, the Annual Meeting could probably 
ascertain the wishes the members the different Districts, quite 
well under present methods. 

The Committee selected should required meet the time 
and place where the succeeding Annual Convention held. 

This would doubtless insure much better attendance the 
members the Nominating Committee, would probably add some- 
thing the interest the Convention, and would relieve the 
members the unnecessary additional expense attending two 
meetings where one would meet all the requirements. 

For these reasons, the following proposed amendment Section 
Article VII, submitted for the consideration the Society. 

OCKERSON, 

Section Article VII, now stands: 

the Business Meeting the Annual Convention each year, 
seven Corporate Members, not officers the Society, one from each 
the geographical districts, shall appointed the meeting, 
serve for two years; who, with the five living last Past-Presidents 
the Society, shall committee nominate officers for the Society. 
The Board Direction may prescribe the mode procedure for 
appointing this Committee. This Committee shall present the 
Board Direction before the first day October next ensuing, 
list nominees for the offices filled the next Annual 
Election. The nominees shall chosen provide, with the 
officers holding over, Vice-President and six Directors residing 
District No. and twelve Directors divided equally, with regard 
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number and residence, among the remaining districts, Nos. 
and 

Proposed Amendment Section Article VII. 

the Annual Meeting each year, seven Corporate Members, 
not officers the Society, one from each the geographical districts, 
shall appointed the meeting serve for two years; who, with 
the five living last Past-Presidents the Society, shall committee 
nominate officers for the Society. 

The Board Direction may prescribe the mode procedure for 
appointing this Committee. 

The Committee appointed shall meet the Annual Convention 
the Society, and nominate candidates fill the offices, named 
Article provide, officers holding over, Vice- 
President and six Directors residing District No. and twelve 
Directors divided equally, with regard number and residence, among 

list nominees for the offices filled the next Annual 
Election shall presented the Committee the Board 
Direction within ten days after the nominees have been selected. 


Am. Soc. E.—Mr. President, think that that Discussion 


amendment the Constitution very much line with the neces- 


suggest something precisely the same kind myself. can see 
reason why even more may not done the Annual Meeting, while 
the Nominating Committee may very well appointed the Annual 
Meeting. appears that there much larger representation 
usually present the Annual Meeting and prepared for business than 
any other time the year, and that this Committee might not only 
appointed but might also convene, and, perhaps, make their nom- 
inations. not clear that regard, and propose amend- 
ment the amendment that has been presented. there 
that could made the amendment presented. 
stipulates that the Committee shall convene the time and place 
the Annual Convention. That time and place may very inconvenient. 
believe now proposed, not fixed, that the Annual Convention 
this year shall heldabroad. might well inconvenient 
for the Nominating Committee meet and act there, and therefore 
the meeting place the Nominating Committee should the place 
the Annual Convention, the City New York, may 
deemed most suitable most convenient, within the views the 
Board Direction. 

Henry Seaman, Am. Soc. E.—Mr. President, concur 
with the remarks Mr. Cohen. 

The moment, Mr. Seaman. going ask 
every gentleman here give his name rises, that the reporter 
may get correctly. 

Mr. very strongly inclined nominations 
being made ballot. fact think that really the purpose the 
present discussion. almost impossible get any committee 


roposed 


Amendment 
sities the case. glad hear proposed. was prepared 


the 
nstitution. 
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meeting make the nominations. fact the practice the Nomi- 
nating Committee has been not permit votes ballot. think 
that practice should corrected and that all work should done 
ballot, and nominating this Committee six months earlier there will 
plenty time for the nominations made that way. 

the general idea such amendment good one, but not 
think that the Board Direction should have anything with 
fixing the meetings the Nominating Committee. Very wisely, under 
the Constitution, these Boards, that is, the Nominating Committee and 
the Board Direction, are continually existing and entirely separate 
bodies. The Nominating Committee creates the Board 
and therefore believe that the Board Direction should have nothing 
with the meetings the Nominating Committee. The same idea. 
exactly could carried out amendment the Constitution, 
fixing methods instead leaving these methods fixed the 
Board Direction. course the ideais that the creature should 
not have the creator his power. 

The course you know that can nothing about. 
this matter here, to-day, but seems that rather interesting 
that should have exchange ideas the subject. may aid 
the consideration the question farther along. 

Henry Am. Soc. E.—Mr. President, you are 

The think you have violated the rule, Colonel Prout. 

Mr. Prout. you are willing have exchange 
ideas from all, and there motion before the house, should 
ready exchange some ideas the subject. strikes me, sir, 
that the agitation almost entirely without foundation. The practice 
this, Professor Ricketts says—the Nominating Committee 
determines its own method procedure. admits votes proxy 
ballot, not, chooses. Thatis entirely within the province 


the Nominating Committee. The Nominating Committee, 


have ever been able ascertain, gives all possible weight the 
wishes members the Nominating Committee who are not present, 
and quite impossible for men scattered all over the country 
vote ballot with any such matter. Circumstances 
arise, conditions come and change, such that man whom member 
Los Angeles had mind the moment sending his ballot, 
would not desirable man vote for when comes the time 
acting onthenomination. Therefore, leave the matter 
now, the discretion the Nominating Committee, much 
the best way managing it, and most likely result getting the 
right sort men into office. least that the result very 
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limited observation the actual working out this thing practice. 
The fact is, Mr. President, that there such thing running 
human affairs automatically. You cannot possibly make constitution 
set by-laws any code procedure such that will fit every 
case that arises. You have got meet matters such way that 
human judgment can play when the time comes, and always will so. 
Therefore, the sum this matter that are well 
off now could be, this matter the Nominating Committee. 

Francis, Am. Soc. E.—As Secretary the Nomi- 
nating Committee, last year, endorse what Mr. Prout has said. 
The Committee gave full consideration the views every absent 
member, and was practically considered present chose 
acquaint the members the Committee with his views. 
would utterly impossible for any general ballot the Society 
taken members the Nominating Committee. The members have 
Society to-day who can tell the limits every district. quite 
difficult matter. seems that the Nominating Committee represents 
the Society even before the Board Direction, regards the selec- 
tion its officers, and apparently the Constitution intends that the 
Nominating Committee, made miscellaneous number gentle- 
men, members the Society, separate and apart from the New York 
contingent the Board Direction, shall have that matter charge 
and shall not subjected such regulations the Board Direc- 
tion shall make; and these gentlemen, hardly think, could correspond 
with each other nineteen them—in such manner arrive 
list officers nominate them through the mails. almost 
necessary get together, and the method balloting, the prac- 
tice last year was for the Nominating Committee ballot and make 
each nomination that way, that each had voice that matter, and 
Iam the opinion that nominating officers either ought kept out 
the Board Direction, now, the Nominating Committee, 
right deliberately into the Board Direction. think 
the present method work all right far can see. 

Epwarp Am. Soc. E.—As former Secretary the 
Nominating Committee concur the remarks the last two 
speakers. willing allow that possibly something might 
done give little more time. The time very limited which 
carry the proceedings the Nominating Committee. should not 
have any objection having the nominations for the Nominating Com- 
mittee made the Annual Meeting. think this matter letter- 
ballot was adopted would not get the best results. You know how 
easy for some one write member the Nominating Com- 
mittee distance and ask him won’t endorse certain 
individual, who very likely very suitable man for that office, and 
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he, course, very willing so, and the Nominating Committee 
when they meet will get letters from different individuals suggesting 
certain nominations. When the matter for discussion reasons 
will appear why more desirable nominate some other person, 
remember one case the Nominating Committee where person had 
been suggested for office. One member, Past-President, nominated 
this person candidate, and subsequently, after discussion, another 
person was nominated, and that very man seconded this new nomina- 
tion. Although had already made nomination gentleman for 
the office, seconded the nomination made subsequently. appeared 
him, after discussion the Nominating Committee, that would 
better nominate the other gentleman, and agree that the best 
results are obtained discussion the meetings the Committee. 

The pretty good debate, and hope you will 
continue it. have got about ten minutes more for this sub- 
ject. hope some the younger men will take part these annual 
meetings. there any further discussion? 

Henry Mantey, Am. Soc. E.—I think that all right 
stands, provided they use that discretion which they are supposed 
have officio. happened member the very first time this 
thing was tried under the present Constitution. The members, 
especially selected from districts that time, took great pains 
canvass their own constituencies ascertain the desires and opinions 
the members those localities. the present plan ex- 
cellent one and the Committee entirely free. the primary 
meeting the Society. Let them have their own way and their 
work. 

The there any further ideas exchanged 
this subject? not, will take the next. Mr. Hering here? 
Mr. Hering, have you the report the Committee Acoustics? 

Am. Soc. E.—The Secretary has it. 

The will you please read it, Mr. Secretary. 

Secretary.—This report made the Special Committee 
appointed the Board Direction report the Board, and has 
been adopted the Board report the Society: 


the Board Direction, 


Your Committee, which was referred the question the im- 
provement the acoustics the auditorium, after much study and 
consideration the practical and theoretical phases the 
question, concludes that the trouble manner due the 
design conformation the auditorium; that the breaking the 
ceiling surfaces deep girders and the clere-story were the interest 
good 

The difficulty resulted from the fact that the auditorium was not 
sufficiently furnished. Carpets and curtains which have been added 
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have already greatly improved the acoustic properties the audi- 
torium, and your Committee recommends for the amelioration the 
remaining slight reverberation, that the vertical panels the walls 


covered with burlap such color will harmonize with the rest 
the auditorium. 


All which respectfully submitted. 


Just, 


Mr. Hering, being present, might say something more about the 
work the Committee. 


The Hering expected say word this 
subject. 

anything more excepting mention the details the inquiry. 
might say that the literature the subject was pretty well ransacked. 

The Hering, would you mind stepping forward 
into the middle the hall? You are giving practical demonstration 
its poor acoustic properties. (Laughter.) 

Mr. Committee first endeavored find out what had 
been done elsewhere overcome similar difficulties, and obtained the 
literature the subject America, Germany and France and studied 
it, and found that the question was one that could scientifically 
treated. The main reason for the reverberation this hall was very 
clearly the large extent smooth hard surface, now remaining the 
walls. hard smooth surface the sound would reflect 
ball thrown against it. The angles incidence and 
the sound waves are equal, and the sound will travel about the room 
many Sound travels about athousand feet, 
roughly speaking, and consequently while the second sylla- 
ble word being spoken speaker the audience hears the first 
syllable yet its reverberation. overlap each other, and 
the cause the defect which complain here. The way 
get rid that defect cause absorption the sound waves, and 
that done having soft surfaces and stopping the reflection the 
sound waves. rid dispersion the sound waves, and 
that dispersion accomplished these little ornaments. When the 
sound strikes semi-spherical surface, itis thinned out, were, 
reflection various different directions, and consequently loses its 
intensity. that Europe, large halls, they rely almost wholly 
the dispersion the sound waves caused breaking the 
sides and ceilings. seemed only thing left here 
soften these panels, these hard smooth surfaces that are left; 
excepting, course, the wall behind the President’s desk, this should 
remain, were not for other reasons, that the sound from the 
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speaker will thrown out toward the audience, but all the other 
surfaces should made soft practicable, and then you will have 
the absorption the sound, the same the carpet, which has already 
made quite difference, absorbs here. 

Mr. sir. The same material you find the reading- 
room. There, you notice the sound all absorbed when you talk. 
You cannot hear any reverberation all. 

Mr. hard linen. When you paint it, 
becomes almost hard wood. 

Mr. not what meant—a material like that 
the reading-room. 

The think the burlap put the wall dyed, not 
painted. 

Mr. The object absorb the sound waves just 
black surface absorbs light waves. Whatever will that will 
accomplish what desire. 

Am. Soc. E.—I would like ask the gentle- 
man How you propose take care the sound com- 
ing back you from the broken ceiling What does the Committee 
conclude that 

Mr. thought the ceiling was broken enough. 
You see, the ornamentation these deep girders good deal 
richer than the sides, and thought for the present that 
possibly treating the sides would sufficient. 

Mr. thought the general impression was that the ceiling 
was broken too much altogether now—too much echo and re-echo; 
isn’t that 

Mr. was not our opinion, sir. The more you break 
the more you disperse the sound waves, and the less reflection. 

Mr. one thing sure. very difficult hear 
this hall. remedy is, want get at, some 
way, and soon possible. 

Mr. the remedy, the Committee suggests, 
increase the soft surfaces around it. 

The wish say that the Board Direction has 
already taken the necessary steps carry out the recommendation 
the Committee. there nothing that could done this 
meeting about unless the meeting sees fit adopt some action about 
that would conflict with the Board Direction, but have voted 
ahead and carry this out. the actual expense putting 
burlap the side-walls very small. So, even nothing but 

experiment, will not cost much. 

Foster Am. Soc. E.—It seems that this 


| 


REPORT THE ANNUAL MEETING. 


matter entirely before the Board Direction. has been very 
interesting hear the reasoning adopted the Committee, because 
Mr. Hering, whether they considered sufficient put the burlap 
directly the surface, whether intermediate thickness porous 
substance —when say porous, mean porous—a soft substance, would 
additional advantage, whether proposes hang the burlap 
only connection with the wall, and so, how applied 

Mr. Committee did not into detail. might 
say that various matters treating walls have been adopted. saw 
one that seemed operate effectively Worcester, Mass., the City 
Hall, where the burlap was fastened little slats about quarter 
inch thick, nailed against the wall. The burlap was thus kept 
about quarter inch away from the wall, which, course, al- 
lowed still more softness, and the sound there, which was said 
that you could hardly understand anybody, was completely absorbed, 
and now you can talk was the room myself—and under- 
stood, and you not get this reverberation which continues for about 
second after the sound has been produced; and person generally 
speaks several syllables second, you see, these syllables overlap, 
and consequently not very clear. 

Mr. you considered the question stringing 
wires across 

Mr. —Yes, sir. 

The beg your pardon. gentleman has the floor. 

Am. Soc. E.—I very happy cor- 
roborate Mr. Hering what has said, based upon similar experi- 
ence. when first met this hall, some you remember 
that suggested precisely the same thing, and said that could get 
premium have done, for thought John Wanamaker would 
glad work and adorn the side wall for the purpose adver- 
tising. have had some experience regard covering walls 
new church costing hundreds thousands dollars, and having 
tesselated floor, and have had work and that very thing 
accomplish the object. Now, would minor expense 
pend around here some drilling and prove once, and when 
make permanent arrangement, with artistic taste, just Mr. 
Hering proposes. Not only that, the first meeting had car- 
pet the floor, and got this reverberation; have carpet 
now, and very much better. The only objection have 
that somebody outside there addressing meeting while are try- 
ing hear our President, the speaker this room, and could 
only quash that, think would much better satisfied with the 
proceedings the meeting. 

The this all the time that can give 
this subject, unless some one desires particularly heard. 
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The next matter before the meeting letter received from Mr. 
Sandford Fleming regard Standard Time. 
The Secretary read the following letter: 


JANUARY 1900. 
Mr. 


Secretary, Am. Soc. E., 
New York, 


duly received your letter December 18th, transmit- 
ting resolutions the Board Directors the matter Standard 
Time. deferred reply the hope that would able attend 
the annual meeting January 17th, when would have the advan- 
tage consulting other members the Special Committee with 
the view submitting joint report. As, however, afraid 
that shall unable New York next week deem proper 
write you. feel that but respectful the Board Directors 
that should acknowledge the receipt the courteous communica- 
tion which they have instructed you send me, and for which, 
behalf the Committee, desire the fullest manner express 
very cordial thanks. 

The resolutions the Board Directors transmitted convey 
the information, that they have ordered discontinued the 
use the 24-hour notation the publications and correspondence 
the Society; second, that they have appreciated the labours the 
Special Committee Standard Time, and that although the desired 
results have not all been realized, they offer expression thanks 
for the efforts which have been made the committee during long 
series years. 

You are good enough mention your letter that the present 
action the Board altogether the question the use 
the system the Society.” And that the Special Commit- 
tee invited report heretofore either jointly committee, 
myself chairman. 

Accepting the invitation the Directors, beg leave Chairman 
the Committee submit the following explanations for presenta- 
tion the Annual Meeting held the 17th instant. 

necessary that should revert the early days the move- 
ment which the American Society Civil Engineers has played 
part. Twenty years ago the development lines 
transportation this continent, and the circumstances the age, 
demanded investigation into the matter time-reckoning. This 
Society appointed Special Committee deal with the question. 
The records the Society set forth the action taken the Commit- 
tee, with the approval of, and under the instruction of, the Society. 
The course followed had important influence inducing Congress 
assemble conference representatives all civilized nations 
Washington 1884, and likewise the deliberations that confer- 
ence; led the substitution Standard Time for the old complex 
system, and thus part furnished solution the evils which 
formerly prevailed, not alone this continent, but also other 
parts the 

The principles the reform time-reckoning, long favoured 
the American Society Civil Engineers, have been recognized 
unimpeachable the highest scientific authorities throughout the 
world. every feature, the reform has been found practicable. Its 
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essential principles, that say, the reckoning time the basis 
common standard, has been widely adopted the nations, and 
Standard Time, called, now authoritatively introduced each 
the five continents. only with respect secondary feature 
the reform, that say, the notation the hours, that there has 
been hesitation its adoption; and can scarcely held sur- 
prising that there hesitation and delay some quarters, seeing that 
the adoption the 24-hour notation involves departure from old 
usage. The old usage, when looked into, may this age consid- 
ered indefensible, but is, nevertheless, one which have inherited 
from past generations, and only the slow process edugation 
that may superseded. 

Precisely the same difficulty was experienced the reformation 
the calendar three centuries ago. Members the Society will famil- 
iar with the history that reform. was promulgated 1582, and 
while was immediately effected Southern Europe, hesitation 
adopt the change was experienced elsewhere. took eighteen years 
introduce Scotland, and successfully was opposed 
popular prejudice favor the old usage, that hundred and 
seventy years elapsed before the reform was accepted England; 
length 1752 became the legal reckoning that country. all 
know that there still remains one powerful nation adhering the old 
style calendar which before 1582 prevailed everywhere. Although 
Russia has been exceedingly conservative, there are causes oper- 
ation to-day, which venture think will lead that great Empire, not. 
only adopt the common calendar, but along with the reforms 
advocated the American Society Civil Engineers, including that 
feature Standard Time known the 24-hour notation. 

The 24-hour notation vain experiment. use 
astronomers all over the globe. use for civil purposes large 
parts Asia and Europe. has been tested for fourteen years, and 
continues used, the National Railways Canada. Indeed, 
the evidence facts establishes beyond all question that this plan 
notation favoured most highly all those who have longest 
experienced its advantages. own mind perfectly obvious 
that the day not far distant when intelligent and progressive 
community will rest satisfied remain without the benefit this 
simple and rational plan reckoning the hours the day. 

This being firm conviction, perhaps may pardoned for 
pointing out that mistake was committed the beginning the 
movement, when the publications this Society, the new notation 
was employed the exclusion the old familiar expression and 
If, for example, was desired announce that meeting 
the Society would held half hour after eight o’clock 
the evening, was not enough employ the new notation and ignore 
the old. judgment both should have been given. 
the circulars the Society, only the new notation was furnished. 
many this was unsatisfactory, and not surprising that steps 
should have been taken discontinue the practice. 

our habits, good bad, are matters education, would, 
view all the circumstances, well this stage furnish the 
information intended conveyed, both ways. Thus meeting 
the Society will held the hour 20.30 (8.30 o’clock 
the announcement may still further simplified denoting 
the time hour single letter (say used symbol, precisely 


: 
4 
= 
7 


Standard 
Time 


Standard 
Time. 


Report 
Committee 


Discussion 
Report 
Committee 


REPORT THE ANNUAL MEETING. [Society 


$is employed denote money—thus ‘‘A meeting will held 
20.30 (8.30 o’clock 


will only add that the problem which this Society has done 


much solve during the past nineteen yearsis not yet fully mastered, 


and will not fully mastered until Standard Time, the basis 
the fifth resolution the Washington Conference 1884, brought 
into general use. This will undoubtedly require the exercise 
patience. But the process education will inevitably 
brought about; and only requires complete the movement, that 
the hours the day numbered single series from one 
twenty-four. 

will remembered that when railway men were asked the 
Society some nine years ago for expression opinion the 
subject, that more than 400 presidents, managers and superintendents, 
representing 140 000 miles railway, were favor the 24-hour 
notation. This wonderful unanimity opinion the part those 
controlling the great lines transportation this continent, 
established beyond all question that the new notation commends 
itself men the highest practical intélligence. The railway 
interests are not less interested than they were ten years ago, and 
effect the desired change only necessary that they should arrive 
some joint arrangement among themselves. 

Important reforms this character are not effected speedily. Itis 
not easy overcome the restraints imposed prejudice and habit, 
which our ancestors have transmitted us; will, however, every 
year become less difficult the process education effects its work. 

The American Society Civil Engineers took leading part 
initiating Standard Time, and has continuously stimulated the 
development great reform time-reckoning, not this con- 
tinent alone, but throughout the world. must recognized 
desirable that the Society should participate the complete 
fruition the movement. one time some were sanguine enough 
think possible that the final step would effected the 
opening the coming new century, but whether then later, 
satisfied that like the Gregorian reform, the modern time-reform must 
the end become accomplished fact. 

Permit again thank the Board Directors for their kind 
consideration. has indeed been great satisfaction have 
endeavored carry out their wishes, and serve the Society 
Chairman the Special Committee for many years. 

Respectfully submitted, 
SANDFORD FLEMING. 

The whatever other annual reports 
have, always have Standard Time with us, and sometimes the 
subject prolific discussion. What your pleasure with this 
report? 

Curtis, Am. Soc. move that the report 
accepted and placed file and the (Sec- 
onded. 

The hear the motion, gentlemen. What your 
pleasure Mr. Curtis’ motion? (Question called for.) Mr. Curtis’ 
motion that the report accepted and the Committee discharged 
and the report placed file. 
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that all recognize the value Mr. Fleming’s services, and the 
services the Committee which chairman, and know how 
much has been accomplished that Committee. Mr. Fleming now 
makes recommendation. think would treating his report 
with some discourtesy simply receive and discharge the Com- 
mittee. that the 24-hour system notation yet pre- 
vail, and not think that this Society should put itself record 
not therefore object that part the mo- 
tion which calls for the discharge the Committee. Ithink that this 
Society will yet want join hands with all the influences that are 
working for the adoption universal system numbering the hours 
the day from one twenty-four. Mr. Fleming says, issimply 
matter education, and can educate ourselves our success- 
sure isa simpler method, although like the majority the 
members the Society—I never got used o’clock. think 
would very desirable adhere that, and the same time carry 
out Mr. Fleming’s suggestion. wise simply receive this 
report and not discharge the Committee. 

The matter open for discussion, gentlemen. 

Am. Soc. E.—I glad stand with the 
last speaker. The 24-hour system has been use myself and 
work for the past five years. find difficulty whatever having 
ordinary laboring men adopt it, and all their records, which are 
continuous throughout the hours, carry out, and certainly with 
less error than they had use and and certainly the 
24-hour system more compact makingarecord. entirely 
satisfactory me, and hope continue until shall universal. 

Mr. move amendment the motion that the motion 
stand this way: That the report accepted and the Committee 
continued. (Seconded.) 

The moved that the report accepted and the 
Committee continued. Does Mr. Curtis accept the amendment? 

not. 

The question Mr. Manley’s amendment. 

Mr. the members present are not aware the 
fact that the Society has formally dropped this notation since the last 
Convention. isa matter that has been before the Society for several 
years just this way; has taken the greater part Annual Meet- 

ings and Annual Conventions discussing it, and doubt very much 
whether any discourtesy the Committee was intended. not 
think such was the case. was simply that the time had passed 
when should agitate this subject. The effort was made and the 
Society had decided that the matter should rest quietly, and strongly 
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favor Mr. Curtis’ motion, except that would add, discharged with 
certainly have the most kindly feeling for the work that 
has been done this Committee; but the purpose stop this ever- 
lasting before the Society, the source endless discussion 
year Iam favor the 24-hour system. hope will 
see it. hope will not continue this agitation. therefore, 
oppose the amendment and would endorse Mr. Curtis’ motion, 
adding, course, with the thanks the Society. 

impression that the last Annual Meeting motion was made, 
believe Mr. O’Rourke, that the Committee Standard Time 
requested present final report. recollection correct, 
seems that the motion now presented out order and 
unnecessary. 

The think the gentleman’s memory correct. 

The the last Annual Meeting the following resolu- 
tion was adopted: 


the Committee Standard Time requested make 
final report the Society the next 


Mr. Curtis.—I think, Mr. President, motion order. 
understood they were make final report, and, making final 
report, want clinch it—I want end it. have had enough 
this thing. have had several meetings, and has taken 
more time than any other subject. Therefore, think motion 
perfectly proper, that the Committee either discontinued dis- 
charged connection with it. 

Mr. not well amend Mr. Curtis’ resolution 
the substitution the following: 

That the final report the Committee accepted and the thanks 
the Society conveyed Mr. Fleming and the members the 
Committee for their long-continued service. (Applause.) 

The Mr. Curtis accept the amendment? 

Mr. Curtis.—I think would accept that. was intending after 
this offer motion thanks. But included all one 
motion, need not that. 

The question is, first, Mr. Manley’s amend- 
ment. 

that amendment, the fact being that the nuisance already abated. 
The Board Direction took action that and stopped its use the 
publications the Society. not think the Society wants take 
the position stopping investigation inquiry into matter 
such interest the adoption system standard time. But 
have insisted for many years putting ourselves the wrong and 
making ourselves ridiculous. Mr. Fleming and his distinguished 
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contemporaries desire continue the subject, hope the Society will 
give them opportunity. 

The Manley withdraws his amendment. The 
question now Mr. Curtis’ motion. Are you ready for the ques- 
tion amended Mr. Cohen? Those favor will signify saying 
Aye; opposed, No. 

The motion was carried. 

The now turn the next business, Mr. Secretary. 
The .Committee the Proper Manipulation Tests Cement 
Professor Swain, chairman. 

Professor read the report this 

The you hear the réport the Commit- 
tee the Manipulation Tests Cement. What your pleasure 
with regard this report? 

Epwarp Am. Soc. E.—I move that accepted. 

The moved that the report accepted and the 
committee continued. Are you ready for the motion? Those favor 
the motion will signify saying Aye; opposed, No. 

The motion was carried. 


Report 


Committee 
Manipulation 


Tests 
Cement. 


The think there are some announcements 
made the meeting regard the topographical map New York. 


the gentleman present who the meantime any 
gentleman has any business bring before the meeting, now 
excellent opportunity it. 


Mr. Secretary, have you the announcement about the topographi- 
cal map? 


The have the following letter: 


New York, 15th, 1900. 


the Secretary the American Society Civil Engineers, 
West Fifty-seventh Street. 


Dear Sir,—The topographical map the City New York, pre- 
pared the Topographical Bureau the Board Public Improve- 
ments, for the International Exhibition Paris, will exhibition 
the Arion Hall, Fifty-ninth Street and Park Avenue, and believing 
that might interest some the members the Society 
Civil Engineers view the map, send herewith fifty tickets 
admission. 

Chf. Top. Engr. and Engr. Concourse. 
per GREIFFENBERG, 
Principal Asst. Topogr. Engr. 


600 ft. the inch, and covers area about square miles. 


Professor Swain was not ready hand his report printed the time 
going press, and will therefore appear subsequeut number Proceedings. 
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These tickets, which Mr. Risse has kindly sent, are the hands the 
assistant the Secretary, the hall downstairs, and will given 
any the members who may desire view the map either to- 
day to-morrow. 

The there any other announcements, Mr. Secre- 
tary, made? 

The interested such matters the fol- 

any time, during after the meeting, his work 38th Street and 

Second Avenue, inspect the working rubber belt conveyor used 

handling material which being excavated from large foundation 

and delivered scows the river. Mr. Parker here and perhaps 

can say few words just what the interesting part the 
arrangement is. 

McC. Am. Soc. E.—Mr. President, the problem 
was presented there getting out some 000 yds. 
material very rapidly from deep excavation. installed, for that 
purpose, rubber belt running rollers, which were troughed 
make the belt carry more than would flat. was put very 
hurriedly. was driven engine, and has been delivering 
material into scows lying the foot the property, the rate 450 
500 yds. five hours, the rate 100 yds. hour; using 
scraper teams put the belt. think something new 
this part the world, and that the application such contrivance 
new handling material that line work. Any member the 
Society who would like see operation come 
there. 

The wide the belt? 

Mr. inches. runs over these troughed 
rollers idlers, making the belt about ins. depth, about 
ins. wide the bottom, and then curving the sides. The mate- 
rial delivered the belt through hoppers which are about ft. 
above the top the belt, making the whole arrangement about ft. 
depth. dump into fast can drive the teams over the 
hopper, and there apparent limit what the belt will carry off. 
takes just fast can drop the scrapers the belt. 
takes anything all you can get You can put stones 
which take two men lift which will speed 400 ft. 
minute, and mount incline degrees without any effort, and 
with tendency run down the incline. The belt has total carry 
from the head pulley the out-board pulley about 225 ft. 
square, 200 272, excavate. Now, the bottom the belt the 
upper end the lot about ft. below where the material 
delivered, shoot off and fill these broad dumping scows. 
rise about ft. But does not make any difference 
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whether ft. 400—this grade 26°—I believe you could roll 
eggs it. most amusing thing see these round stones 
going without any effort and without any tendency come back. 

The think you keep on, Mr. Parker, you will have 
the whole Society there. 

Mr. not believe they would want leave they 
saw it. isso remarkable see these things—take big stone that 
takes two big men lift, and you would think when starts 
that hill would want come back; but does not; rides and 
that belt goes over the head pulley which ft. diameter, shoots 
along and disappears. you stand the side this 4-ft. pulley and 
look it, the belt coming angle about 26°, you would nat- 
urally expect the material fall down soon gets the top 
the hill. But does not keeps going. (Laughter.) 

The Parker, think you will stop there, they 
will believe your story. (Laughter.) 

have some more business transact before the vote the 
tellers announced. there anything, Mr. Secretary, regard 
the Convention? That interesting subject. know the members 
the Society, from letters have received, are all interested that 

The the present time nothing further the 
definite programme for the Convention London has been arranged. 
The only thing that has been fixed the time, which the first 
week July. very probable that the first meeting will called 
the Tuesday that week, which the July. But, further 
than that, the Committee has not made any plans. The matter 
the hands Committee appointed the Board Direction, with 
full power make all the necessary arrangements. But Mr. Corthell 
was Europe the time the decision was arrived at, holding the 
Convention abroad, and the time holding it, and he, 
request, very kindly, while London made some inquiries and saw 
many the members the Institution. with to-day and 
think would, perhaps, give some information regard the 
feeling over there respecting the matter. 

The sure that only voice the sentiment the 
meeting saying that are extremely glad that Mr. Corthell here, 
and hope Mr. Corthell will respond and say few words this 
subject. have, think, six minutes and quarter. 

Am. Soc. E.—Mr. President, then have got 
get right business. have been two months Europe, but 
great part that was spent this very matter, with request from 
the Secretary that would get some information return. the 
first place, reference the Convention London, had good 
opportunity learning the wishes the engineers, not only per. 
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sonal conference with them, but also personal correspondence with 
them. The Secretary the Institution, Dr. Tudsbery, Sir Douglas 
Fox, the President, Mr. Webb, the Chief Engineer the London and 
Northwestern, and several others, saw and talked the matter over. 
They understood be, and did entirely informal manner. 
was not officer the Society, nor was member the Commit- 
tee, but thought could bring back something from them that would 
interest and would attractive the members this Society 
their contemplated visit Europe. know what the personal 
views are the two Past-Presidents the Institution, Sir William 
Preece and Sir John Wolf Barry and Douglas Fox, the present 
President. They are very desirous that there should large repre- 
sentation our members, and they are prepared treat very nicely 
indeed. give cordial welcome, and not only that, but arrange 
the programme our stay week London will greatly 
our advantage and our great pleasure. the time was there 
expected, from the way the matter was going when had left here, 
that there would large representation this Society; perhaps 
‘all, including the families the members, five hundred people 
over there, and hoped, and did many that time, that 
the Institution are planning something, changed, course, 
according our movements, according the number that may go, 
and other conditions. They wish arrive, possible, together 
Liverpool. They suggested that, because they wished show 
first, excursion that they will arrange, the Liverpool docks, the 
largest and finest the world, all know, and the most expen- 
sive; then, steamer excursion, which will arranged for, through 
the Manchester Ship Canal Manchester, which will treat 
itself. Then from Manchester the London and Northwestern road 
Crewe where Mr. Webb will show us, perhaps, the finest shops, 
won’t say the world, but least Great Britain; thence London. 
London they wish show every attention, and are planning 
give reception and the Guild Hall London, 
which they think they They also suggested thatif 
were there large numbers and were most one hotel which was 
our home while were there—this was, perhaps, own suggestion— 
that could receive the British Engineers that way, and make 
pleasant went see our Ambassador, Mr. Choate, just 
the night before was leaving and asked him would assist 
such reception our hotel. me: that the Society, 
are those the gentlemen whose house helped dedicate?” said they 
are the very gentlemen. said: will anything can for them. 
All they have say what they want and will 
with them.” (Applause.) 
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transportation, did not know that that matter had been 
placed the hands transportation agents here who are perfectly 
able carry out any programme for us; looked the matter 
somewhat regard steamships, and particularly regard 
hotels, with the assistance suggestions Dr. Tudsbery and others. 
can find accommodations probably all together, even there are 
300 400 us, new hotel about mile and half away from the 
Institution where are hold our meeting; but very conveniently, 
right there, are busses which can called within fifteen minutes 
take back and forth. the Hotel Russell, Russell Square, 
now letter answer letter the General Manager 
the Frederick Hotel, who runs this new Great Central Hotel and 
others, reference this matter. reference the Institution, 
they wished know how conduct our Convention. told them 
how usually conducted it, and the meetings desired hold. 
They will give the entire building, which you know the finest 
engineering building the world, will give all facilities for our 
meeting, arrange the hall they for large occasions, which seats 
about 400 450 people, and was suggested Sir Douglas Fox 
that should have joint meeting British engineers and American 
engineers which they would like invite members all societies 
—any engineers that may that time London, expressed 
it, that could talk each other and tell each other how much 
think each other. said had speech for the occasion 
himself. Many those things are their minds, and they are 
and soon they know what want and how many 
will there, they will proceed develop these plans, that when 
arrive the programme will entirely arranged, and they will take 
charge us, and give attention these lines, and any other lines 
that may indicate. How many minutes, Mr. President? 

The minutes and half, Mr. Corthell. 

Mr. you. is, think, very important. 
have sent out 150 letters some you gentlemen, most you non- 
residents, within the last week and got some very nice replies, but 
they are not satisfactory me, reference going. have not 
overstated the attractiveness this visit Europe. going 
visit that not make will regret all our lives, and 
make will always glad that went, not only see 
what can Great Britain, but Paris. are interested more 
less this that Congress held there. Perhaps you may 
not know that when left Paris, the principal delegate the French 
Government, who has charge the Congresses, told that they have 
now reached total 125. are not interested all them. 
But have memorandum here, copied this morning from the pro- 
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grammes which obtained Paris the following Congresses, and 
the dates which they come, that you may have them your 
mind. The Mining Congress, mining and metallurgy, comes June 
18th and 23d. The Congress Tests from the 9th July the 
16th, and the Congress Navigation, which many are 
interested, comes the 28th July and the August, and was 
with that end view suggested that our Convention London 
should held the week previous. This would perfectly 
satisfactory the Institution people, because,” they say, 
are all here that time; before our vacation—the Westminster 
Engineers—and Parliament itself session,” that the most 
convenient time hold our convention London. Then can 
Paris, and those who are interested the Congress Tests 
Material can immediately attend that, know many are. 
Then with two weeks see the Exposition and Paris, the Congress 
Navigation comes off the 28th July, that there will six 
weeks very interesting and useful experience for through. 
far the Exposition concerned, you know much about 
do, because the papers, the prints, every week. But 
have given good deal attention it. have been over the 
Exposition grounds now for two years, several times, and assure 
you going very attractive exposition many ways and 
many new ways. exhibition the colonies all the world 
there, each one which going remarkably interesting, 
with the people themselves coming from those distant colonies and 
living they live there. The new bridge built, which 
described paper myself last February, very nearly completed, 
and will something that bridge engineers will very glad see. 
probably the finest and widest street bridge the world—140 
meters. The buildings the Exposition are nearly completed, and 
think, with few exceptions, they will all ready when the 
Exposition opens. the paper read last February showed map 
which was the Metropolitan Railway, miles all, but they are 
confining themselves now the line underground, tunnel sub- 
way from the Bois Vincennes the Exposition, the Trocadero, 
with branches, that the facilities for getting about Paris are going 
very convenient. 

Another thing, looked the question the price living 
there. The general impression—— 

The Corthell, one moment. now twelve 
o’clock will declare the ballot closed. You will proceed, Mr. 
Corthell. 

Mr. made many inquiries reference it, knowing 
that was matter you would all interested in, because going 
expensive trip anyway. think from all can learn that the 
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increase cost living Paris will not much more than 20% 
what usually is. The people with whom talked told that 
they had raise the price somewhat, because the price everything 
that people used would raised; consequently the pensions—and 
you know Paris full pensions—I don’t mean third-rate New 
York boarding house which don’t like very well, but the pensions 
Paris, general thing, far know, and have lived 
several them, are very nice; the food good, well served, and 
they are well taken care of. Now, anyone can live those pensions 
during the Exposition about, comfortably, not over francs 
day, that $2. 

About transportation, what want and what many wish 
that can finally get together large enough body our people 
together. would better every respect. 

The mean over together? 

Mr. what have had heart and cannot 
entertained better, could better taken care of, and would 
please the people Great Britain have come that way, and 
think from what learn our transportation people, whose hands 
placed this matter—Raymond Whitcomb—that within month 
six weeks even from now, should find that were really 
going body, could cancel this arrangement are now making 
with them various steamers, and they will charter steamer for 
and can together. That what wish all you would think 
about that are thinking about going, and follow these letters that 
have written you and see cannot get good large 
body American engineers going Paris. 

The you mind saying one word that 
point while before the house? seems that very im- 
portant that should know whether there are enough members the 
Society and their families who will make large enough party 
together. far the Committee has had very little consolation 
that point and very little information. Very few have responded. 
want emphasize that point. will necessary have response 
rather early, will not, Mr. Corthell? 

Mr. sir; certainly within month, possible. 

The many steamers are service. 
have been taken off and the others are rapidly filling. 

Mr. that line thought, wrote one 
our friends, the Chief Engineer the Liverpool Docks, knowing that 
was right there where the two great English lines are, the White 
Star and the Cunard, see what could done. have had some 
letters from the Cunard Line. They are nearly entirely booked 
account the disarrangement and the taking off their vessels for 
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the Transvaal war. They say that our return there will 
trouble, anyone has that mind, about getting back the United 
States July August, because people will not returning very 
large numbers, and the Cunard Company the opinion that there 
will trouble returning. 

Mr. Green asked question about the comparative expense 
enough body together, take special steamer, say, 500 people 
all told, that the cost would less, not sure that subject. 
The Committee may give different opinion. 

may allowed just one moment about matter which have 
taken great deal interest in, you know, and that Navigation 
Congresses—I say Congresses advisedly. You may remember that 
the last Convention made few remarks the Brussels Congress, 
that wasin May. Before went Europe October delivered—I 
guess that the proper word—it took trunk nearly take report 
down, which spoke that time, delivered the Secretary 
State. There will about 250 pages printed matter, and 115 illustra- 
tions all subjects navigation, rivers, canals, harbors, While 
Ihave been away have been informed the Secretary State that 
the report has been accepted and sent Congress printed, and 
just came from Washington. spent twelve days there the 
matter these Congresses. feel, perhaps, you have right listen 
word, because, say, all for love; have interest the 
matter except what you all have. The report now the hands 
the public printer, and one object being Washington these last 
twelve days was arrange for the introduction concurrent reso- 
lution through Senator Platt, who the chairman the Printing Com- 
mittee the Senate, thousand extra copies, additional bound copies 
the report. The Secretary State forwarding the report asked 
for additional copies, consequently there will only the regular 
number 815 which several places and nobody ever sees them; 
that is, will never see them unless there are those additional 
copies. Now, the Congress 1900 coming this year have had con- 
siderable with the matter, all know, and has been arranged 
that 500 copies the programme sent here, French. 
French for the reason that the French Government has decided that 
all programmes, all letters, everything relating the Congresses 
Paris this year shall French only. Now that has been translated, 
and you will all receive the programmes few days, with English 
translation put into the fold, that you will understand the whole 
matter, whether you know French not. 

Now, one more point and then done. have been trying for 
year, the suggestion prominent engineers Europe, some 
them members the Society, like Pontzen; and, the way, let 
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interject clause here—he one the leading engineers Europe, 
and member has been for many years Direc- 
tor Routes Navigation the French Republic. When told 
him that were going hold our Convention London was very 
happy. glad, andI will bethere myself with you,” 
and these gentlemen, like Professor Timonoff, St. Petersburg, 
who member this Society also, and other leading men that 
met Brussels, favored this suggestion. undertook, returna 
year ago, see what could done holding any International Con- 
gress the United States after the Paris Congress, and this last week 
there was bill introduced, after considerable efforts find place 
for it—Senate will introduced the House, has not 
been already, authorizing the President the United States notify 
the International Navigation Congress, its session Paris this year, 
designate the building which has been designated ‘‘rooms the 
Library Congress,” and either appropriate pay the 
expenses the occasion, much may needed that sum 
entertaining foreign delegates, and paying other expenses the Con- 
gress. sending to-day from office about forty those bills 
those you who are interested and have sent for fifty 
information any that are not here to-day that anything that can 
done forwarding this matter Congress letters your Congress- 
man your Senators will the line bringing about something 
great utility the navigation interests this country. 

Now, just one more point. have talked now nearly six minutes, 
know. But isof importance connection with holding that Con- 
gress the United States, that there should large delegation 
from the United States the Paris Navigation Congress. Now, 
they find looking over the assembly over thousand people from 
all parts the world and only two three from the United States, 
perhaps they will say, think you had better take more interest 
the matter before the United now let 
understood. There may several Government delegations. 

The quarter minute more, Mr. Corthell. 

Mr. under the rules the Congress there can 
delegates from Chambers Commerce, from Boards Trade, 
accredited delegates well private members, and wish you would 
all have that view, and you are going and are interested the 
subject, get somebody make delegate you. (Applause.) 

Henry Am. Soc. E.—I would like ask ques- 
tion—if would desirable for those members who contemplate 
being Europe the time the Convention and more 
convenient earlier than the body will go, arrange meet 
Liverpool, and that were done, the English Committee could then 
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informed about how many members the American Society they 
would have provide for. think there will quite number that 
will want ahead that time. 

The Committee, think, have already taken 
action regard that. 

Mr. remarks Mr. Corthell indicated that was 
very desirable that all should one time, which would the 
latter part June, and that why made that suggestion. 

back, that several are going earlier, has now been mentioned the 
last speaker, and wrote letter yesterday gentleman 
notify the Committee because expects May, and be, 
his return trip the time our meeting, and will there. 
all the same are there London; the more the better, no. 
matter whether they are going coming. 

The the Secretary anything say the subject? 

The the matter getting steamer take the 
Society body great deal effort was made the Committee 
some time ago. Quite number the companies were 
approached the subject, and was found absolutely impos- 
sible unless had the funds with which pay for the entire passen- 
ger accommodation steamer. Now, the larger steamers that 
would amount something like $30 000. The committee found also 
that could get aslow steamer, freight steamer, good-sized, perhaps 
000 tons, which temporary passenger accommodations for about 
250 people are being placed for this year’s business, and you could 
secure these accommodations one the regular trips that steamer 
round rate, per person, $50 for the outward passage. seemed 
doubtful the Committee whether the members this Society would 
care take that kind accommodation without knowing what the 
service going be, the food anything else, except that the 


voyage will take about twelve days. But get even that steamer 


with those accommodations would necessitate deposit 000. 
was, therefore, impossible, the Society not having any funds advance 
for such enterprise, engage any steamer before responses were 
received from the 250 odd members the Society who had already 


said, answer the circular, that they would London, and 


was hoped that after the last circular was issued which request 


was made Secretary informed, soon arrangements were: 


made individuals, their intention go, and the time they 
would probably go—it was hoped that there would enough them 


who had already made their arrangements, had signified their 


intention making their arrangements, enable Raymond Whit- 


comb, who are the agents whose hands tried put much 


the business possible, order keep together, enable them 
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arrange, possible, charter steamer for us. Now, that hope, 
Mr. Corthell has suggested, not entirely gone, but imperative 
order that proper arrangements may made for the Convention 
London, that every member the Society who decides go, soon 
decides, should notify the Secretary his intention, order 
that our English friends may informed the number they may 
expect meet over there. 

Am. Soc. E.—May ask whether the Com- 
mittee the Board Direction this Society have given any thought 
the matter combining with the other engineering societies 
are all aware the fact, probably, that each one our engineering 
societies has had identically the same invitation extended the 
Institution, and they expect have guests from all three. Now, many 
belong all three and are confronted the question which 
invitation are going accept, they are treated three distinct 
ones. could charter steamer and get enough acceptances 
would not desirable repeat the history the former journey 
abroad. 

The think Mr. Clarke was present the meeting last 
evening. You can answer that, can’t you, Mr. Clarke? 

Mr. beg pardon. did not 

The Ricketts, can you give any information? 

Mr. was not able town; cannot. 

The Manley, will you say word that subject? 

Mr. —Mr. Chairman, can only say word. The Com- 
mittee had meeting last night which they were informed that the 
representatives one society had addressed note our Secretary 
saying that they were not going make any arrangements them- 
selves, but, perhaps, would invite them with us. con- 
sidered that could not invite members other societies with 
us. But, the same time, light dawning upon from the state- 
ment made that general invitation has been issued the Institution 
Engineers various bodies engineers who propose there. 
think that some them—one body mining engineers, have 
not forgotten—have already arranged have their meeting some time 
June. But can answer the question general terms saying 
that such general combination has been made. might say further, 
that are not able body ourselves, and that don’t know 
yet what do, and that the arrangements thus far are very crude. The 
natural course proceedings would appoint, the part the 
Society, local committee, always do. have number 
members resident Europe, and that Committee, connection with 
the Committee the Society here, and with the Institution Engi- 
neers, will able concoct programme which can intelligently 
carried out. But the Transvaal war seems have knocked this 
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Annual pieces. Generally, our going there body, have not yet 
able make such arrangements take over there provide 
(continued). for our own, let alone other, people. 
The sorry say that our time all exhausted 
this subject. Perhaps will have opportunity take 
later. will listen the report the Tellers, gentlemen. 


Report read the report the Tellers, follows: 


Report the Tellers Appointed Count the Vote for Officers. 


New York, January 1900. 
Mr. PRESIDENT: 


beg leave submit the following report the number votes 
cast the Annual Election: 


Whole number ballots 570 
For 
For 
Far Treasurer: 
For 


Very respectfully, 
McC. 
Tellers. 

The you have heard the report the 
Tellers, and accordance with that report hereby announce that the 
Society has elected for the year ensuing, for President, John Findley 
Wallace; for Vice-Presidents, Rudolph Hering and Alfred Noble; for 
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Treasurer, Joseph Knap; for Directors, John O’Rourke, Henry 
Seaman, Thomas Johnson, Joseph Ramsey, Jr., Henry Rich- 
ardson and George Quinlan. (Applause.) 

Before introducing the new President, should like ask the 
Secretary has any announcements make regard the 
programme? 

The sir. Perhaps would well emphasize 
one two points. The programme, far possible state 
now, will carried out printed. Certainly, after the adjournment 
this meeting, there will lunch downstairs, about one 
o’clock. Mr. Parsons’ lecture will given this room, 
and inasmuch the seating capacity this room limited, for sight 
the pictures, about 330, and the ladies have also been invited 
present, think would well for all who desire hear Mr. 
Parsons come early. 

The reception to-night will take place stated the programme; 
and, weather permitting, the excursion to-morrow will carried out 
printed, visits being made the two power stations, one the 
Third Avenue Railroad Company, and the other the Metropolitan 
Street Railway Company. There every indication that will 
able accomplish what intended and all the way around Man- 
hattan Island. 8.30 to-morrow night Mr. George Francis will 
address the Society the South Terminal Station Boston, which 
address will illustrated with lantern-slides. might say that will 
aid the Committee Arrangements, those members who have not 
already secured tickets for the excursion to-morrow and for the recep- 
tion this evening, will soon possible after the adjournment 
this meeting. necessary provide for quite substantial 
lunch when you take crowd off the river for all day, and 
not know how many are going have, somebody may hungry. 

The introducing the new President, wish 
say few words acknowledgment the many acts kindness 
received from the Society during the past year and expression 
appreciation the benefits derived from occupying this chair. 
Aside from the distinction which necessarily attaches the office 
President, there are many advantages which arise from wide associa- 
tion with members, permitting exchange views more 
extended basis, from wider plane, than possible member 
only. has been cause regret that during the past six 
months important duties have called away from home and 
far away that have been unable attend the meetings the Society. 
This absence has, however, enabled exchange views and come 
into close relation with engineers sections the country less 
familiar me, and has been very gratifying experience. 
Chicago there have been three occasions which have brought large 


0. 


Remarks 
Past-President 
FitzGerald. 


} 
| 
| 


Remarks 
Past-President 
FitzGerald 
(continued). 


President 
Wallace 
introduced. 


REPORT THE ANNUAL MEETING. [Society 


number engineers together which remember with great deal 
pleasure. was excursion examine the Yerkes telescope; 
another was large dinner given Chicago Mr. Alfred Noble 
the eve his departure Paris duties connected with the Isth- 
mian Commission; and the third was excursion Madison 
witness the inauguration Professor Johnson Dean the Engi- 
neering School the University Wisconsin. any one supposes 
that enthusiastic excursions engineers are limited the East, 
would have been very readily undeceived attending either these 
excursions. the last occasion there were cars laden with engi- 
neers and their families. All with whom conversed had high 
respect for this Society and its work, and abiding faith its 
future. perhaps true that small current pessimism may 
sometimes observed; is, however, confined, rule, the older 
members the profession who naturally miss familiar faces age 
increases and who are less inclined changes method than younger 
men. true, believe, that this Society was never better 
position for good work than to-day. stands firm 
footing. The membership rapidly increasing, and believe that 
to-day contains large proportion able men ever did. 
The younger men have perhaps never been better fitted training 
and association for carrying the best work the Society. 

Our financial condition has been fully set forth the Report the 
Board Direction, and you will see from that report how much the 
debt the Society has been reduced and the work the Society 
enlarged. have many opportunities for the wise expenditure our 
surplus. More time and money should devoted the Library. 
have recently submitted the Board plan for extending its useful- 
ness, and hope the new management will take this matter hand, 
and that the Society will approve any judicious expenditures this 
direction. 

now take pleasure presenting Mr. Wallace, your new Presi- 
dent. feel sure that him the Society has wise counsellor and 
loyal friend. 


Gentlemen the American Society Civil Engineers: thank you 
for the honor that you ‘have conferred upon me, and fully appreciate 
the fact that the highest honor that can conferred upon 
American engineer. Realizing this and own unfitness feel 
embarrassment great deal deeper than can show, and which words 
cannot express. However, has been the almost universal experience 
American engineers called upon fill positions and perform 
duties apparently beyond their abilities. therefore, accept this posi- 
tion, have many others lesser importance, the hope that 
kind Providence may assist filling it, least such manner 
not bring discredit upon our organization. 
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had few remarks prepared the subject the Annual Conven- 
tion next year, but the ground has been thoroughly covered 
the remarks Mr. Corthell and our Secretary and President and 
others, that will only say that would like again impress upon 
you the importance attendance that meeting—the Annual Con- 
vention London, during the first week July. The time, place 
and circumstances surrounding that meeting will such that every 
person connected with the Society should carefully consider the ques- 
tion his personal attendance. 

The importance this meeting the Society itself and the indi- 
vidual members thereof, feel great that one who can consist- 
ently and properly arrange his business affairs admit his 
attendance should fail This will occasion upon which 
the most important engineering organization the new world will meet 
the House of, and the guests of, the most important engineering 
organization the old world; occasion upon which engineers 
the two hemispheres will have opportunity meet, grasp each 
other the hand, look each other the eye, exchange views and 
ideas, and form personal acquaintanceships, the beneficial effects 
which cannot estimated. 

With these few words desire remind you that economy one 
the fundamentals our profession, and striving for the highest 
economy should, course, avoid all unnecessary uncalled for 
expenditure time energy. Following out this principle must 
therefore ask you excuse from any further remarks this time, 
as, while our Constitution specifically provides that the President 
the Society shall formally address the the Annual Conven- 
tion, does not require any speech from the newly elected President 
this occasion. The wisdom this have never thoroughly ap- 
preciated this moment. thank you, gentlemen, for the 
confidence you have reposed me. (Applause.) 

President Wallace then took the chair. 

The wish announce, gentlemen, that has always 
been the habit engineers work before they eat, and therefore, 
the attention the Board Direction the fact that will 
have our meeting immediately after the adjournment and before lunch, 
the Secretary’s office the first floor. 

Mr. President, you will allow asuggestion. 
have any time before proceed with the important function eat- 
ing, might suggest that continue the discussion the matter 
the Convention, the meeting feels inclined and the lunch not 
ready. 

The President, is, course, for the meeting 
decide this question; but three o’clock this room there will 
lantern-slide exhibition. perhaps, might call attention 
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the fact that usually, the day time, not have use these 
electric side-lights, but has been necessary shut out the daylight 
from the side windows, and little dark this morning, 
turned the side lights. But transform this room into dark- 
room quite trick, and much has still done the Secretary 
would glad this meeting would adjourn soon possible. 
(Applause. 

The your pleasure, gentlemen? 

Mr. move that adjourn. 

The motion was carried and the meeting adjourned. 


Wednesday, January 17th, 1900.—The meeting was called order 
at3p.m. President John Wallace the chair; Charles Warren 
Hunt, Secretary; and present, also, about 450 members and guests, 
many whom were ladies. 

William Barclay Parsons, Am. E., delivered lecture, 
illustrated the stereopticon, describing survey China recently 
made him, and giving account his experiences, and life 
found journey 100 miles, 500 which were through the un- 
explored province Hunan, the most anti-foreign section the 
Chinese Empire. 

the conclusion the lecture vote thanks Mr. Parsons 
was passed unanimously. 


Adjourned. 


Thursday, January 18th, 1900.—The meeting was called order 
8.30 Past-President Mendes Cohen the chair; Charles Warren 
Hunt, Secretary; and present, also, members and guests. 

George Francis, Am. E., presented paper entitled, 
The South Terminal Station, Boston, Mass.” The paper was illus- 
trated with the stereopticon. 

Owing the lateness the hour, written discussions from Messrs. 
Worcester and Herman Conrow were not read. 


Adjourned. 
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EXCURSIONS AND ENTERTAINMENTS THE FORTY- 
SEVENTH ANNUAL MEETING. 


Wednesday, January 17th, 1900.—After the business meeting 
large audience assembled hear Mr. Parsons’ lecture China. 

Reception was held the Society House, and was 
largely attended. 


Thursday, January 18th, 1900.—At 10.30 the steamer 
Girl, with about 300 members and guests, including many ladies, left 
the pier the Department Docks, the foot West Fifty-seventh 
Street, for excursion around Manhattan Island. The steamer 
proceeded the North River Spuyten Duyvil Creek, where the 
new double-track drawbridge the New York Central and Hudson 
River Railroad being constructed. Through the kindness 
set drawings the bridge was placed view the steamer, 
and leafiets, descriptive the bridge, were distributed. 

Passing through Spuyten Duyvil Creek and the Harlem Ship Canal 
the Harlem River, the first stop was made Two Hundred and 
Eighteenth Street. Here the foundation the new power station for 
the Third Avenue Railroad Company was inspected. 

Resuming the trip down the Harlem River, the new Speedway,” 
the Washington Bridge, High Bridge and the numerous drawbridges 
spanning the river were viewed from the deck the steamer. Lunch 
was served route, and the steamer passed down the Harlem and into 
the East River. 

the courtesy Vreeland, Esq., President, and 
Starrett, Am. Soc. E., Chief Engineer the Metropolitan Street 
Railway Company, visit was made the company’s new power 
station the foot East Ninety-sixth Street. 

The steamer then passed down the East River, and, after making 
stop the Recreation Pier, the foot Twenty-fourth Street, 
allow some the excursionists land, proceeded and around the 
Battery and the North River Fifty-seventh Street, thus complet- 
ing the circuit the Island. 

8.30 m., George Francis, Am. Soc. E., presented 
paper, entitled South Terminal Station, Boston, The 
paper was illustrated with stereopticon views. 

After the lecture there was informal which was 
enjoyed about 200 members and guests. 

The following list contains the names 350 members various 
grades, attendance the Annual Meeting, Lectures, Excursion and 
Reception. The list probably incomplete, account the failure 
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number members register, and does not include the names 
any the guests the Society individual members. 


Aiken, Harrisburg, Pa. 
Allen, Calvin H...New York City 
Aycrigg, Wm. A....Omaha, Neb. 


Bacon, John W..Danbury, Conn. 
Bailey, George I....Albany, 
Baldwin, Fred. H..Bayonne, 
Baldwin, Wm. J...New York City 
Ballou, L..East Berlin, Conn. 
Bauer, New York City 
Baum, George....New York City 
Beahan, Willard...... Easton, Pa. 
Belzner, Theodore, New York City 
Bensel, A...... New York City 
Berger, Bernt.....New York City 
Bigelow, D....New York City 
Binion, York City 
Bissell, H....W. Medford, Mass. 
Blakeslee, C...New Haven, Conn. 
Boecklin, Werner, Jr. 

New York City 
Boller, New York City 
P...... New York City 
Bonzano, A..... Philadelphia, Pa. 
Bowman, L....New York City 
Boyd, James C....Boston, Mass. 
Bradley, W..... Buffalo, 
Braine, F..... Brooklyn, 
Bramwell, W...New York City 
Breuchaud, J..... Yonkers, 
Briggs, Josiah A..New York City 
Brinckerhoff, York City 


Brown, E...... New York City 
New York City 
Bullock, Wm. Providence, 
Burdett, A..... Brooklyn, N.Y. 


Bush, Edward Hartford, Conn. 


Carney, Edward J.New York City 
Carr, Albert...... New York City 
Catt, George W...New York City 
Cattell, William A., New York City 
Chambers, H...New York City 
Chase, L...... Louisville, Ky. 
Christian, L....New York City 
Christy, George L.New York City 
Clapp, Hempstead, N.Y. 
Clark, George H...New York City 
New York City 
Coffin, Amory.....New York City 
Coffin, Amory..New York City 


Cogswell, N.Y. 
Cohen, Mendes... Baltimore, Md. 
Colby, New York City 
Compton, G....New York City 
Constable, H...... New York City 
Cooley, W.....Baltimore, Md. 
Cooper, L...... Yonkers, 


Cooper, Theodore. York City 
Corby, York City 
Cornell, George B.New York City 


Corthell, B..... Boston, Mass. 
Corthell, L.....New York City 


Craven, Alfred. Kingsbridge, 
Croes, James R.New York City 
Crowell, York City 
Cummings, York City 
Curtis, Haven, Conn. 


Dalrymple, 

Hornellsville, 
Davis, ..East Berlin, Conn. 
Davis, Charles....Allegheny, Pa. 
Davis, Robert B....Boston, Mass. 
Dean, Luther....Taunton, Mass. 


t 


Deans, John Pa. 
Deyo, F..... New York City 
Drake, B..New Bedford, Mass. 
F....New York City 
Duryea, Edwin, Jr. 

Brooklyn, 


Edwards, H.East Berlin, Conn. 
Ellis, John W.. Woonsocket, 
Erlandsen, York City 
Evans, E...... New York City 


Fanning, Minn. 
Farnum, H....New York City 
Farrington, H..... New York City 
Fisher, Clark...... Trenton, 
Fisher, Francis D.Cornwall, Ont. 
Fisher, Mawr, Pa. 
FitzGerald, D..... Boston, Mass. 
Francis, George B..Boston, Mass. 
Frank, George New York City 
Frazee, John H....New York City 
French, Mass. 
French, B...... New York City 
Fritz, John...... Bethlehem, Pa. 
Frost, George New York City 
Fuller, George W.New York City 
Fuller, Malden, Mass. 
Furber, Wm. Philadelphia, Pa. 


Gartensteig, C....New York City 
Gatchell, George Buffalo, 
Gay, Martin...... New York City 
Gibbs, Philadelphia, Pa. 
Gifford, George York City 
Giles, Robert..... New York City 
Goldmark, Mich. 
Gould, Sherman. Yonkers, 
Gowen, Sing Sing, 
Graham, ...New York City. 
Graves, Edwin D., Hartford, Conn. 
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Gray, William....New York City 
Greene, Carleton..New York City 
Greene, York City 
Greene, N........ Bangor, Me. 
....New York City 
Gregory, H..... New York City 
Greiner, E..... Baltimore, Md. 


Haight, Stephen York City 
Haines, S..... New York City 
Hankinson, W., New York City 
Hansel, Charles W.New York City 
Harby, Isaac...... New York City 
Harris, New York City 
Haskins, J.New Rochelle, 
Hawks, Wash. 
Hazen, Allen..... New York City 
Hemming, W..New York City 
Henry, Philip York City 
Hering, Rudolph. .New York City 
Herschel, Clemens, New York City 
Hewitt, Charles E.Trenton, 
Hill, Albert B., New Haven, Conn. 
Hill, York City 
Himes, Albert J...Oswego, 
Hoag, W., Jr...New York City 
Hodgdon, W....Boston, Mass. 
Hodge, Henry New York City 
Hood, ...... New York City 
Howe, Boston, Mass. 
Howe, Horace J...New York City 
Hoyt, John N..New York City 
Hoyt, Wm. E....Rochester, 
Humphrey, R.L. Philadelphia, Pa. 
Hunt, Chas. W....New York City 
Hunt, Robert 
Hurtig, B...... New York City 
Hutton, R....New York City 
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Irving, Walter E..New York City 


Johnston, L....Richmond, Va. 
Jonson, Ernst F...New York City 
Judson, Albany,N.Y. 
George A....New York City 


New York City 
Kastl, Alex. E..... Clinton, Mass. 
Katté, Walter 
Ardsley-on-Hudson, 
Keith, C...New Haven, Conn. 
Kelley, William D.New York City 
Kelly, Olaf M.....New York City 
New York City 
Kimball, George Mass. 
Kuichling, E....Rochester, 


Lant, Frank P....New York City 
Leavitt, W., York City 
Leffingwell, D..New York City 
Leonard, R..Philadelphia, Pa. 
Lesley, Pa. 
New York City 
Lewis, Nelson Brooklyn, 
Loomis, Horace...New York City 
Low, George York City 
Lowinson, York City 
New York City 


McComb, E.. Washington, D.C. 
MacGregor, A..New York City 
McKeever, Wm...New York City 
McKenzie, H..Hartford, Conn. 
J.....New York City 
Magor, York City 
Manley, Henry.... Boston, Mass. 
Marburg, E....Philadelphia, Pa. 
Marple, William M.Scranton, Pa. 
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Marstrand, J...New York City 
Martin, L......New York City 
Martin, Wisner New York City 
Mead, Charles A...Newark, 
Melius, L....... Albany, 
Merryman, C.Brunswick, Me. 
Meyer, Henry C...New York City 
Miller, Hiram A...Clinton, Mass. 
Miller, Rudolph P.New York City 
Miller, Spencer...New York City 

Mixer, .Rumford Falls, Me. 
Moisseiff, Leon York City 
Moore, Charles H.New York City 
Moore, Wm. H.New Haven, Conn. 
Ohio 


Moulton, Mace.Springfield, Mass. 
Myers, New York City 


Myers, H., Jr..Brooklyn, 


Neumeyer, Bethlehem, Pa. 
North, Edward York City 
Noska, A...... New York City 


Oestreich, L., Jr. 

New York City 
Odell, S...Port Chester, 
Opdyke, B., Jr.Philadelphia, Pa. 
O’Rourke, John New York City 


Paine, George H.. New York City 
Parker, McC...New York City 
Parsons, George .Steelton, Pa. 
Parsons, B.... New York City 
Pegram, George H.New York City 
Peterson, A....Montreal, Que. 
Peverley, York City 
Pierce, William T..Boston, Mass. 
Pitts, Thomas York City 
Polk, Wm. A...... New York City 
Poster, Easton, Pa. 
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Potter, Alexander.New York City 
Pratt, Mason D.....Steelton, Pa. 
Pratt, Wm. A...Philadelphia, Pa. 


Prout, New York City 
Quincy, F........ Chicago, 
New York City 


Richardson, F..Clinton, Mass. 
Ricketts, Palmer C...Troy, 
Ridgway, York City 
Roberts, P.....New York City 
Roberts, P...... Philadelphia, Pa. 
Roberts, William. Waltham, Mass. 
Robinson, D...New York City 
Rogge, L....New York City 
Rood, M... Mt. Vernon, 
Rosenberg, F..... New York City 
Rowell, George New York City 
Rowland, F....New York City 
Rusling, Hackettstown, N.J. 
Ryder, Haven, Conn. 


Schneider, A...... New York City 
Schneider, C..... Pencoyd, Pa. 
Simpson, F....New York City 
Skinner, Frank W., New York City 
New York City 
Smith, F....Philadelphia, Pa. 
Smith, Merritt H..New York City 
Smith, Oberlin.. Bridgeton, 
Spencer, T....Guilford, Conn. 


Stearns, P..... Boston, Mass. 
Stevens, Alexander. NewYork City 
Stern, W....... New York City 
Stewart, John H..New York City 
Stowe, New York City 


Strachan, Joseph. Brooklyn, 
Swain, George Mass. 


Tatnall, G..... Wilmington, Del. 
Taylor, Lucien A...Boston, Mass. 
Theban, G..... New York City 
Thompson, C...New York City 
Thompson, Sanford 

Newton Higlands, Mass. 
Thomson, H...New York City 
Thomson, John...New York City 
Thomson, K....New York City 
Tinkham, E..... Boston, Mass. 
Tompkins, New York City 
Towne, M.. East Orange, 
Travell, Warren B..Orange, 
Trotter, Alfred York City 
Trout, Charles E.New York City 
Turner, Mass. 
Tuska, R...... New York City 


Ulrich, York City 
Upham, Charles C..New York City 


Van Buskirk, New York City 
Van Horne, G..New York City 


Wyncote, Pa. 
von Leer, W....New York City 


Waite, Guy B..... New York City 
Walker, Clement I..New York City 
Wallace, John F..... Chicago, 


New York City 
Waterhouse, J..... New York City 


Webster, Albert L..New York City 
Webster, S..Philadelphia, Pa. 
Webster, Wm. Philadelphia, Pa. 
Wegmann, E..... Katonah, 
Weiskopf, C....New York City 
Wells, Joseph A...New York City 
Wheeler, York City 
Whitney, Boston, Mass. 
Wiley. William H., New York City 
Wilkes, K.New Rochelle, 
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Williamson, York City 
Wilson, York City: 
Wisner, George Detroit, Mich. 
Wolfel, Paul L..... Pencoyd, Pa. 
Wood, Henry B....Boston, Mass. 
Woods, West Newton, Mass. 
Wortendyke, 

Jersey City, 
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MINUTES MEETINGS. 


THE SOCIETY. 


February 7th, 1900.—The meeting was called order 8.40 
Samuel Whinery, Director, the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and visitors. 

The minutes the meeting January 17th, 1900, printed 
Proceedings for January, 1900, were approved. 

paper William Landreth, Am. Soc. E., entitled 
Improvement Portion the Jordan Level the Erie 
Canal,” was presented the author. written discussion George 
Rafter, Am. Soc. E., was read the Secretary, and the 
subject was discussed orally Messrs. Edward North, Allen 
Hazen, James Owen, George Hill, Tait, Samuel Whinery and the 
author. 


Ballots were canvassed, and the following candidates declared 
elected: 


MEMBERS. 


JAMES Mansfield, Ark. 

Martin Sioux City, Ia. 
CLARENCE WALTER Hupson, Pa. 
Frank Henry Los Angeles, Cal. 
CHARLES JEREMIAH PARKER, Watertown, 
Henry Los Angeles, Cal. 


MEMBERS. 


THomas JOHNSTONE Tientsin, North China. 
Bryson, Philadelphia, Pa. 
CHARLES Denver, Colo. 
Duncan Jr., Harrisburg, Pa. 
Myron Evans, New York City. 

JoHN CHARLES Palo Alto, Cal. 
Durango, Mexico. 

Oscar New York City. 

St. Louis, Mo. 

Henry New York City. 

Chicago, 


The Secretary announced the election the following candidates 
the Board Direction February 6th, 1900: 
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ASSOCIATE. 


New York City. 


JUNIORS. 


New York City. 


The Secretary announced the death the following members: 
Davip elected Associate Member, November 4th, 1891; 
Member, February 7th, 1894; died November 3d, 
elected Member, July 10th, 1872; died January 21st, 1900. 


Adjourned. 


February 21st, 1900.—The meeting was called order 8.40 
Vice-President Rudolph Hering the chair; Charles Warren 
Hunt, Secretary, and present, also, members and visitors. 

paper Charles Gowen, Am. E., entitled, The 
Foundations the New Croton Dam,” was presented the author 
and illustrated with lantern slides. 

The subject was discussed Sherman Gould, Am. Soc. 
E., and written discussion George Rafter, Am. Soc. 
E., was presented the Secretary. 

The Secretary announced the death the following members: 
elected Member November 3d, 1875; died 


February 7th, 1900. elected Member February 
17th, 1869; died 4th, 1900. 


Adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


January 16th, 1900. (Adjourned meeting).—President FitzGerald 
the chair; Charles Warren Hunt, Secretary, and present, also, 
Messrs. Buchholz, Clarke, Haines, Manley, North, Thomson and 
Wisner. 

The Secretary presented the report the Committee Recom- 
mend the Award Prizes. 

was resolved that the Norman Medal, the Thomas Fitch Rowland 
Prize, and the Collingwood Prize, awarded accordance with the 
recommendations the Committee. 

report the Committee appointed report the Board the 
Acoustics the Auditorium was received. 

The report was accepted, and the Secretary instructed present 
the Society the Annual Meeting. 


Adjourned. 


January 17th, 1900.—The Board met 12.45 President Wal- 
lace the chair; Charles Warren Hunt, Secretary, and present, also, 
Messrs. Cartwright, Clarke, Deyo, FitzGerald, Hering, Knap, Man- 
ley, O’Rourke, Ricketts, Seaman, Turner and Wisner. 

The following Standing Committees were appointed: 

Finance Committee: Samuel Whinery, Deyo, Henry Man- 
ley, Robert Cartwright, Henry Seaman. 

Publication Committee: Rudolph Hering, Palmer Ricketts, 
John O’Rourke, James Schuyler, Alfred Noble. 

Library Committee: John Bensel, Buchholz, John Ken- 
nedy, Robert Moore, Chas. Warren Hunt. 

letter ballot was ordered for the election Secretary for the 
ensuing year. 

Adjourned meet February 6th, 1900. 


February 6th, 1900.—(Adjourned Her- 
ing the chair; Charles Warren Hunt, Secretary, and present, also, 
Messrs. Bensel, Buchholz, Clarke, Deyo, Knap, O’Rourke, Ramsey, 
Seaman, Turner, Whinery. 

Ballots the matter the election Secretary were canvassed 
with the following result: twenty-six ballots all were received, allin 
favor Chas. Warren Hunt for Secretary. 

The Chair declared Chas. Warren Hunt elected Secretary the 
Society. 


Adjourned. 


page 27. 
See page 
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February 6th, 1900.—The Board met Vice-President 
Hering the chair; Chas. Warren Hunt, Secretary, and present, also, 
Messrs. Bensel, Buchholz, Clarke, Deyo, Knap, O’Rourke, Ramsey, 
Seaman, Turner and Wisner. 

Upon received from the Finance Committee the salaries 
officers the Society were fixed for the year and appropriation 
made for the payment other employees. 

The Chairman the Finance Committee presented informally 
diagram showing statistics the Society from 1886 1899, inclusive. 

was resolved that this diagram published, for the information 
members, Proceedings. 


The Committee Arrangements for the Annual Convention reported 
progress. 


Applications were considered and other routine business transacted. 
One candidate for Associate and three for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


MEETINGS. 


Wednesday, March 7th, 1900, 8.30 M., regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Charles Marx, Am. Soc. E., Charles Wing, 
Assoc. Am. Soe. E., and Leander Hoskins, E., entitled 
Experiments the Flow Water the Six-Foot Steel and Wood 
Pipe Line the Pioneer Electric Power Company, Ogden, Utah, 
Second Series,” will presented for discussion. This paper 
printed this number Proceedings. 


Wednesday, March 21st, 1900, 8.30 M., regular meeting 
will held, which paper George Webster and Samuel 
Tobias Wagner, Members, Am. Soc. E., entitled History the 
Pennsylvania Avenue Subway, Philadelphia, and Sewer Construction 
Connected Therewith,” will presented for discussion. This paper 
printed this number Proceedings. 
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STATISTICS THE WORK THE SOCIETY, 1886 


The diagram the opposite page was prepared for the purposes 
the Finance Committee, and was brought the attention the 
Board Direction, February 6th, 1900. The Board, the belief that 
the information shown thereon would much interest members, 
ordered that should printed Proceedings. 

The following explanatory notes are thought necessary 
full understanding the diagram: 

The curves Current Receipts and Total Current 
not include any unusual items. Legacies, donations, 
subscriptions disbursements for special objects (such the Engi- 
neering Congress 1893), cost returns from the Historical 
Sketch the Society,” receipts payments account the new 
old Society House, etc., etc., are excluded. 

Owing differences methods book-keeping, has been 
impossible arrive figures which represent absolutely correct 
comparison between years; nevertheless, the differences are small 
not any way mater ial. 

For the years 1886 1892, inclusive, all the salary the 
Secretary was charged Salary Secretary,” all 
other salaries being distributed the various accounts, hence the 
curves showing the and Net Cost for these 
years are somewhat lower than they should be. 

Between 1886 and 1894 the publications were not always issued 
during the month year their date, and for the Total Pages 
and Net Cost per the figures used are the 
number pages issued under date each year. 

should also noted that the total edition publications 
increases practically the same ratio the total membership, the 
increase the latter from 1886 1899 being about 125 per cent. This 
item not taken into account the curve Net Cost Publica- 
tions per Page.” 

The upward tendency all the Expense Curves for 1898 and 
1899 due largely extra work reclassifying and indexing the 
Library. should also mentioned that the Society House has 
during these years been kept open daily (except Sunday) for hours 
instead formerly, and that this materially increases the expense 
for attendance, well for the heating and lighting the much 
more commodious quarters. 
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THOUSANDS OF DOLLARS FOR FULL LINES 


HUNDREDS FOR DOTTED LINES. 
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Some Statistics the work the 
AMERICAN SOCIETY CIVIL ENGINEERS 
from 1886 1899. 


° 


PREPARED UNDER DIRECTION THE FINANCE COMMITTEE 
AND PRINTED ORDER THE 


BOARD DIRECTION 
FEBRUARY 1900 


24 


CURRENT RECEIPTS AND EXPENDITURES DO NOT INCLUDE’ 
EXTRAORDINARY ITEMS OF ANY KIND. 


PAGES OF PUBLICATIONS ARE THOSE PUBLISHED UNDER 
THE DATE OF EACH YEAR. 


1893 WAS THE YEAR OF THE INTERNATIONAL ENGINEERING 
CONGRESS AT CHICAGO. 


NEW SOCIETY HOUSE PROJECTED... 
BUILDING BEGUN FALL OF__ __1896 


NEW LIBRARY CLASSIFICATION AND INDEX STARTED 1898., 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(January 9th, February 12th, 1900.) 
This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 


any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


each journal this list. 


(1) Assoc. Eng. 257 South 
urth St., Philadelphia, Pa., 30c. 

Girard Philadel hia, Pa. 

(3) Journal, Franklin nst., Philadel- 
phia, 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

(7) Quarterly, Mass. Inst. 

ston, Mass., 75c. 

(8) Stevens Indicator, Stevens 
Institute, Hoboken, J., 50c. 

(9) Magazine, New York 


Magazine, New York City, 


New York City, 35c. 

(12) The Engineer 
News Co., New York 

Engineering News, New York City, 


Record, New York 
(15) Railroad Gazette, New York City, 


Engineering and Journal, 
New York City, 
(17) Street Railway New York 
City, 35c. 
(18) Railway Engineering Review, 
hicago, 


(19) Supplement, New 


Tron Age, York City, 10c. 
21) Engineer, London, Eng- 


Iron and Coal Trades Review, Lon- 
don, England. 
Bulletin, Iron and Steel 
Assoc., Pa. 
Gaslight Journal, New 


{25) American New York City, 


Electrical Review, London, England. 

Electrical World and En- 
gineer, New York 

Industries and ondon, Eng- 


{29) Society Arts, London, 


England 

{30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 10c. 

(42) Transactions, Am. lec. 
New York 

Paris, France. 

(44) Journal, Military Service Institu- 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) Minerals, Scranton, Pa. 


(46) American, New York City, 
(47) Engineer, Manchester, 


(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) Bauwesen, Berlin, Ger- 


ny. 
(50) Stahl und Eisen, Duesseldorf, Ger- 
man 


(51) Deutsc Bauzeitung, Berlin, Ger 
(52) Industrie-Zeitung, Riga, 


(53) Zeitschrift des oesterreichischen In- 
genieur und Architekten Vereines, 
ienna, Austria. 
(54) Den Tekniske Forenings Tidsskrift, 
Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Tidskrift. Stockholm, Swe- 


TekniskUgeblad, 
58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 
(59) Transactions, Mining Institute 

Scotland, London and Newcastle- 


Tyne. 
(60) and Framed Structures, 
Dearborn Chicago, 30c. 
(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 25c. 
(62) American Manufacturer and ‘Tron 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. E., 
London, 
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CURRENT TECHNICAL LITERATURE. 


LIST ARTICLES. 
Bridge. 


Long Span Bridges. William Burr, Am. Soc. (15) Jan. 19. 

Economies Railway Bridge Design and Manufacture. (12) Jan. 26. 
Some Light Suspension Bridges. (14) Feb. 

Bridge Erection. Charles Evan Fowler, Am. (10) Feb., 


The Lehigh Valley Railroad Bridge Easton, Pa. (14) Feb. 10. 
The Zanesville, O., Timber Howe Truss Built 1831-2. (13) Jan. 25. 
Design 175-Foot Counter-Balanced Plate Girder Swing Bridge. (4) 


Dec., 1899. 

175-Foot Counterbalanced Plate Girder Swing Bridge. Rogers. 

Dec., 

Contractor’s Transfer Bridge. (14) Jan. 

New Railway Bridges Paris. (12) Jan. 

Drawbridge over the River Dee, Queensferry, England. Thomas Walter 
Barber. (13) Jan. 18. 

Erection the Atbara River Bridge. (18) Jan. (40) Jan. 12. 

The New Colenso and Frere Bridges. (12) Jan. 19. 

The Frere and Tugela Bridges. (11) Jan. 26. 

Hinged Concrete Bridges. Serial, Jan. 6-10. 

The Projected Bridge Across Lille Belt, Denmark. (55) Dec. 30. 

Transport Force par Ponts Roulants Electriques, construits par 
Société International d’Electricité Liege (34) an., 1900. 

Etude des Mouvements vibratoires dans les Ponts Poutres Droites une Travée dans 
les Ponts Suspendus Tablier Continus Simplement Appuyéeaux Culées. Lebert. 
(43) Third trimestre. 


Electrical. 


Notes Commutatorless Dynamo Design. (27) Feb. 10. 

Electrical Supply and Alternator Design. Alton Adams. (27) Jan. 27. 

Parallel Operation Direct Coupled Alternators. (27) Jan. 20. 

The Factors which Determine the Design Monophase and Polyphase Generators. 
Behrend. (27) Serial beginning Jan. 20, ending Feb. 

Double Current Generators. (27) Jan. 27, 

Three Wire Distribution from One Machine, Edward Bretch. (27) Jan. 13. 

The Hysteretic Qualities Iron, Viewed from the Molecular Magnet Standpoint. Dr. 
Samuel Sheldon. Feb. 10. 

Compensation Line Drop Alternating Current Circuits. Berg. (27) Jan, 18. 

Graphical Treatment the Effect Magnetic Leakage Transformer Regulation. 
Baum. (27) Jan. 

Stroboscopic Methods Determining the Revolutions and Slip Small Motors and 
the Frequency Alternating Currents. (26) 

Notes Maximum Demand Indicators. Louis Steele. (26) 

The Motor. Ralph Mershon. (27) Serial beginning Feb. 
ending Feb. 10. 

Power Motors. Layman. (47) Serial beginning Jan. 20, 
ending Feb. 

The Niagara Power the Work the International Traction Company. 

17) Feb. 
The Long-Distance Electric Power Transmission. Alton Adams. (13) 
eb. 


Niagara Power Substations for Buffalo Electric Railway Service. (27) Jan. 
Alternate-Current Power Transmissions. Riche Preller. (11) Jan. 12. 
Cheap Fuels the Cost Electrical Energy. Crompton. (11) Jan. 


Continuous and Multiphase Power Plants for Factory Use. (26) Jan. 26. 

Electrical Equipment the Berlin, Germany, Elevated Railway. (27) Feb. 

Electrical Equipment United States Government Powder Factories. (11) Jan. 26. 

The Jean Wetmore. (24) Serial beginning Jan. 15, 
eb. 12. 

Alternating and Direct-Current Enclosed Arc Lamps. (27) 

an. 

Leicester Corporation Electricity Works. (26) Jan. 26. 

Plant London Metropolitan Electric Supply Company. (27) Feb. 

Electrical Underground Construction. George Springer. (4) Dec., 1899. 

Electrical Time Service. Hope Jones. (47) Serial beginning Jan. 13, ending Jan. 20. 

Blasting Electricity. Claude Smith. (28) Jan. 

Methods Suppressing Arcs Switches, Fuses, Etc. Kilburn Scott. (47) 
Serial beginning Dec. 16, ending Jan. 

Apparatus for Use Experimental Electrolytes. Alec. Beadle. (26) Serial 
beginning Jan. 19, ending Jan. 26. 

Method Testing the Resistance Rail Bonds. Feb. 

The Telephone Exchange, Brooklyn. (27) Jan. 20. 

The Central Multiple Switchboard, Independent Telephone Exchange, Park- 
ersburg, Va. (27) Jan. 27. 

The Development Wireless Telegraphy. Patrick Delaney, (9) Feb., 1900, 
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Electrical—(Continued). 
Electric Stations with Gas Engines Prime Motors. Krone. (48) Jan. 13. 
Electric Water-Power Station Arboga. (56) Jan. 13. 


Téléphone Paris. (33) Serial beginning Jan. 20, ending Jan. 27. 
Marine. 


The Modern Combining Itself the Results Skill, Ingenuity and 
Feb., 
Electrical Installations Battleships. Woodward, (11) Jan. 
Coaling Vessels Sea. (12) Jan. 19. 
Coaling Warships Sea. Spencer Miller, (9) Feb., 


Steam Pipes Aboard Ships, Providing for Expansion. Willits. (10) Feb., 1900. 
The Ore Carrying Fleet 1900. Waldon Fawcett. Feb. 
Ice Breakers Polar Explorations. Edwin Swift Balcb. (3) 
The and Rigging Sailing Vessels. (12) Serial beginning Jan. 
ending Jan. 19. 
The Electrical Machinery the New Sea Dock Yminden. (53) Jan. 19. 


Mechanical. 


Circulation Steam Boilers. (13) Jan. 20. 

The Rating Boilers for Heating Purposes. (14) Jan, 27. 

Mean Pressure Indicator. (11) Jan. 26; (12) Jan. 26. 

Production and Utilization Superheated Steam. R.S. Hale. (9) Feb., 1900. 

The Watson Radial Water Tube Boiler. (20) Feb. 

Marine Mechanical Stokers. Christian Larsen. 25. 

Mechanical Stokers, SS. Pennsylvania. (12) Jan. 26. 

Powdered Coal for Steam Boilers. (22) Jan. 26. 

Measurement Steam and Water Serial beginning Jan. 27, ending Feb. 

and Forced Draft. Hodgson. (47) Serial beginning Dec. 30, ending 
an. 

Influence Cheap Fuels the Cost Power. Crompton. (22) Feb. 

Devices Applied Firing Steam Boilers. Snyder. (58) Dec., 


the Determination Volatile Combustible Matter Coke and Anthracite Coal. 
Richard Meade and James Attix. (28) Serial beginning Jan. 12, ending Jan. 19. 

Table Showing the Loss Pressure Steam Pipes. Nagle. (13) Jan. 

Friction Steam Packings. Charles Henry Benjamin (11) Jan. 12. 

Steam Consumption Automatic Engine Exceptionally High Speeds. 
Rainsford and Crowell. (8) 1900. 

Receiver Drop Multiple Expansion Engines. Prof. Wrighton. 27. 

The Influence the Indicator Diagram the Design Valve Gear. (12) Jan. 19. 

Sulzer Triple-Expansion Engines for the Berlin Municipal Electric Lighting System. 


(13) Jan. 25. 

Tests Two 000 000-Gallon Pumping Engines. John Laird. (47) Jan. 

Plants for Iron Works. (62) Serial beginning Dec. 14, ending 
11. 

The Petroleum-Spirit Motor and Carburettor. (28) Jan. 

Graphical Method Constructing the Entropy Temperature Diagram Gas Oil 
ngine. Henry (47) Jan. 13. 

Efficiency Test 125-Horse-Power Gas Engine. Robertson. (11) Jan. 26. 

The Diesel Oil Engine. (11) Jan. (62) Feb. 

Oil and Motor Cabs. thony New. (12) Serial beginning Jan. ending 
12. 

Blast Furnace Gas Engines. (62) Jan. 18. 

Pioneers Using Blast Furnace Gas. (62) Jan. 25. 

Blowing Blast Furnace Gases. (16) Feb. 10. 

Six Hundred Horse-Power Blast Furnace Gas Motor and Blowing Engine. (11) Jan. 19. 

Brouwer Coke Conveyor and Carbureted Water Gas Plant the Crystal Palace 

Gas Works. (24) Feb. 12. 

The Manufacture Electric Automobiles. (27) 

American Types Automobiles. (27) Jan. 27. 

European Types Electric Automobiles. (27) Feb. 10. 

English Electrical Vehicles. (28) Jan. 26. 

The Simpson-Bodman Steam Lorry. (28) Jan. 19. 

Some New Motor Vehicles. (28) Jan. 12. 

The Bardon Motor Car. (28) Jan. 26. 

Motor Wheels for Vehicles. (26) Jan. 26. 

Condensation Steam Blower Systems Heating. (14) Jan. 27; (13) Feb. 

Novel Type Bucket Pump for Mines, Wells, Boreholes, etc. (22) Feb. 

The Koster Air Compressor. (22) Jan. 19. 

Neat Design Motor-Driven Air Compressor. (47) Jan. 27. 

Electric Traveling Cranes. (11) Jan. 

One Hundred Ton Shear with Adjustable (13) Jan. 25. 

150-Ton Electric Crane the Imperial Dock Bremerhaven, Feb. 

Compound Road Locomotives for the War Office. (12) Jan. 26, 

Some Friction Clutches, (22) Jan, 12, 
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CURRENT TECHNICAL LITERATURE. 


Mechanical—(Continued). 
Making Carborundum. (62) Jan. 

The Dellwik-Fleischer Water Gas Process. (11) Jan. 26. 

The Removal Dust from Boiler Rooms. Albert Cary. (13) Feb. (14) Feb. 


Compression and Liquefaction Gases. Arthur Rice. (47) Serial beginning Jan. 
27, ending Feb. 


Screw Fans. Charles Innes. (11) Jan. 12. 

The Calculation Disk Fans. (14) Jan. 27. 

Methods Testing Blowing Fans. (14) Feb. (13) Feb. 

the Practical Use Liquid Air. (48) Jan. 20. 

The Second International Acetylin Exhibition Budapest, 1899. (53) Serial, Jan. 12-26. 

Uehling’s Conveying Machinery for Foundries. Ed. Uehling. Jan. 

The Carbide and Acetylin Congress Niirnberg, Oct., 1899. (56) 
23. 

Industrial Plants Operated The Waterfalls Terni, Italy. Wagner. (54) Dec. 

Pétrole Europe. Jan. 10. 

Une Machine Vapeur Géante al’ Exposition. Andre Mahoudeau. (36) Jan. 25. 

Les Machines-outils. Richard. (37) Dec., 1899. 

Automotrice Vapeur Valentin Purrey). Brosselin. (38) Jan., 1900. 

Les Chaudiéres Aquatubulaires dans Marine Americaine. Hachebert. (33) Jan. 18. 

Military. 


Guns Position and Siege Guns for the War. (12) Jan. 
Mining. 


Safety Pit Props. (12) Jan. 12. 

Iron Ore from Mine Furnace. Waldon Fawcett. (16) Jan. 20. 

New Method Measuring Stopes. Fred Greene. (16) Jan. 27. 

Sinking through Heavily Watered Strata. Richard Robinson. (22) 

The Ocean Coal Company’s Deep Navigation Pits Trehanis. (22) Jan. 19. 

Blasting with High Explosives. Harold Bonser. (22) Jan. 

and Progress Gold Dredging New Zealand. W.H. Cutten. (9) Feb., 


The Union Mines, Gold Hill, N.C. Dr. Ledoux. (16) Feb. 10. 

The Schuyler Copper Mines, New (16) Feb. 

Notes the Aurex Sluice. (16) Feb. 

Les Nouvelles Installations Compagnie Witkowitz aux Mines Dombrau 
(Autriche). H.Schmerber. (33) Jan. 

Municipal. 


Failures Asphalt Pavements. (24) Jan. 22. 
Brick Paving Iowa. (14) Feb. 

Municipal Tunnel Driving Day Labor, Chicago. PaulG. Brown. (14) Feb. 
Railroad. 


Momentum Grades. Frank Allen, (15) Jan. 12. 

The Early Surrey. (12) Serial beginning Jan. ending Jan. 19. 

Locating the Center Gravity Locomotive. (13) Jan. 18. 

Canadian Pacific Locomotive Counterbalancing. (40) Feb. 

Cast Steel Driving Wheels. (25) Feb., 1900. 

Locomotive Tenders. William Forsyth. (25) Feb., 1900. 

Improvements Locomotive Driver Brakes. (25) Feb., 1900. 

Some Recent Electric Freight Locomotives. Burcham Harding. (13) Jan. 25. 
Siege Train for the War. (12) Jan. 19. 


Does Cost Run Trains High Speed? F.A.Delano. (13) Jan. 25; (18) Jan, 


The Laffas Patent Apparatus for Stopping Trains. (21) Feb., 1900. 
Automatic Block Signal System Lowell. (17) Feb. 
Automatic Block Signaling. Edward Carter. (15) Jan. 12. 
Ventilating Passenger Cars the Pennsylvania. Feb. 


Embankments the Boone County Railway Ry. System). 
13) Feb. 


The Peoria and Pekin Terminal Railway. (13) Feb. 


The Extension and Alteration the Belfast Terminus the Belfast and Northern 
Counties Railway. (21) Feb., 1900. 

Recent Extensions the Bergen County Traction Company. Feb. 

New Equipment for the Rapid Railway Detroit. (17) Feb., 1900. 

Combination Steam and Electric Railway Illinois. (17) Feb. 

The Metropolitan Railway Paris. (12) Jan. 26. 


Some Causes Excessive Heating Bearing Metals. Robert Job. (25) 1900, 
Train Resistance due Rail Sanding. (12) Jan. 26. 


Economic for Country Districts. Russell Tratman, Assoc. Am. Soc. 


British Tramway Development. Clifton Robinson. (10) Feb., 1900. 
Points and Slip Switches. Rudd. (13) Jan. 11; (18) Jan. 13; (40) Jan. 


Rail for General Road Traffic. (55) Jan. 
Aerial Overhead-Track Railroad between Barmen and Elberfeld. (51) Dec. 
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Railroad—(Continued). 

Journey the Siberian Railroad. (53) Serial, Jan. 5-12. 

Les Transports Electriques (36) Jan. 25. 
Metropolitan Berlin (Berliner Stadt-und-Ringbahn). Paul Haag. (38) Jan., 1900. 
Les Transports Commun dans Paris Banlieue. Charles Jean. (33) Jan. 13. 
Sanitary. 

Erection Plant. (12) Jan. 

The Purification Waste Water from Factories. (11) Jan. 12. 

Edinburgh, Scotland. James Fuertes, Am. (14) Jan. 


Sewage Disposal Alliance, Ohio. (14) Jan. 13. 

The Scott-Moncrieff System Sewage Disposal. (12) Jan. 26. 

Filtration Through Coal. Feb. 

New Sewage Farm for the St. Denis Ward Montreal. (13) Jan. 25. 

The Bacterial Treatment Sewage Sutton, England. (14) Jan. 27. 

Bacterial Sewage East Cleveland. (14) Feb. 10. 


Garbage Collection and Disposal Moline, Edward Kittilsen. (13) Feb. 

The Utilization Garbage for Fuel. (14) Jan. 20. 

Refuse and Its Calorific Power. (26) Jan. 12. 

The Modified Horsfall Crematory. (14) Feb. 

The Barren Island Garbage Reduction Works, Greater New York. (13) Feb. 

The Public Baths Bilston, Staffordshire, England. James Fuertes, Am. Soc. 
C.E. Jan. 20. 

Structural. 

New Extensometer. William Kenerson. (13) Jan. 25. 

Review Experimental Data Impact Tests Material Tension. (13) Feb. 

Tests Transverse Strength. William Magruder. (13) Jan. 

eb., 

The Softening Portland Cement Plaster. Feb. 

Concrete Dock Construction the South Works the Illinois Steel Company. Victor 
Windett (4) Dec., 

Tests the Constancy and Volume Portland Cement, (14) Serial beginning Jan. 20, 
ending Jan. 27. 

The Talbot Continuous Open Hearth Steel Process. (20) Feb. 

The Japanese Imperial Steel Works. Emile (22) Feb. 

The Structural Steel the United States. (10) Feb., 


1900. 

The Color Names for High Temperatures. Henry Howe. (16) Jan. 20. 

lron Manufacture the United Siates. John Fritz, Hon. Am. (11) Serial 
beginning Jan. ending Jan 12. 

The for Sheds Exposed Wind, and Concrete Base for Columns. 

13) 

The Mormon Tabernacle, Salt Lake Hardesty. Jan. 27. 

The Reconstruction the Manhattan Bank Building. eb. 

The Design Modern House. (14) Jan. 20. 

Large Steel Grand Stand. (14) Feb. 10. 

Street Front Reconstruction. (14) Feb. 10. 

The Design and Construction Modern Central Lighting Station. Humphrey. 
Serial beginning Dec. 30, ending Jan. (13) Jan. 18. 

The New Works the Harrisburg Foundry and Machine Works. (14) Jan. 27. 

The New United States Navy Yard Coaling Station New London, Conn. (13) Jan. 18. 

The Power House the St. Lawrence Power Company, Massena. (14) Feb. 10. 

The Kalamazoo Valley Electric Plant. (14) Jan. 13. 

Municipal Lighting and Sewerage Plant, Concord, Mass. Jan. 13. 

The New Street Railroad Power Stations New York. an. 12. 

The Niagara Falls Hydraulic Power and Manufacturing Company’s Plant. (14) Jan. 20. 

Fire Protection. Francis Stevens. (8) Jan., 1900. 

Belt Conveyor for Foundation Work. (14) Jan. 

Underpinning (14) Jan. 13. 

The Durabilit int. (24) Jan. 29. 

Foundations for Metal Tanks. (24) Jan. 22. 

Builder’s Electric Traveling Derrick. (14) Feb. 10. 

The Reconstruction Dry Dock. (14) Jan. 20. 

Hot Air Furnaces for Small Schoolhouses. (14) Jan. 20. 

Hot Air Furnace Heating System. William Ludlow. (14) Feb. 10. 

Ventilation and Heating the Rookwood Cincinnati. (14) Jan. 13. 

Plumbing inthe Dun Building, New York. (14) Jan. 20. 

avec Joints Métalliques Coulés. Tavernier. (43) Third trimestre, 1899. 

Notice sur les Travaux construction Bassin eub Mississy. 
Guiffart. (43) Third trimestre, 1899. 

Topographical. 

Lister’s Inclinometer Theodolite. (11) Jan. 12. 

The United States Public Land Surveying. Charles Bois. 
(7) Dec., 


CURRENT TECHNICAL LITERATURE. 


Water Supply. 


Experiments the Flow Water Over Bell-Mouthed Pipes. John Barr. (47) Jan. 
Ozone Water Purifier. (14) Feb. 


The Relative Values Ozone and Slow Sand Filtration Means Purifying Water. 


13) Feb. 

The Purification Plant Albany, (13). Jan. 11. 

Silica Standards for Determining Turbidity. Jan. 27. 

Silica Standards for the Determination Turbidity Water. George Whipple, 
Daniel Jackson. (7) Dec., 1899. 

the Necessity Cultivating Water Bacteria Atmosphere Saturated with Moist- 

Russian Report Mechanical Filters. (14) Jan. 20. 

The Melbourne Water (11) Jan. 

The Water-Works Portland, England. (14) Jan. 13. 

Florence, Colo., Water-Works. Garrett. Feb. 10. 

The Use Wells Washington, D.C. (14) Jan. 

Water Meters the Present Day; with Special Reference Small Flows and Waste 
Dribbles. William (12) Feb. 

Standpipe Failure Collingswood, Jan. 20. 

Covered Reservoirs. Shields. (13) Feb. 

The Wachusett Reservoir. (14) Jan. 20. 

Outlet Valves, Burrator Reservoir, Plymouth, England. (14) Feb. 10. 

Large Crib Dam, Butte, Mont. (14) Feb. 

Exploration for Bedrock Gila River Dam Sites with Diamond Core Drills. Lip- 
pincott. Jan. 18. 

Irrigation Jeypore State. (14) Jan. 

The Second Water-Works Vienna. Fr. Borkowitz. (53) Jan. 26. 

Examples Pumping Engines. Bavier. (48) Jan. 

The Water-Works the City Prenzlau. Scheven. (48) Jan. 13. 


Waterways. 


The Lift Lock near Henrichenburg, Germany. (14) Jan. 13. 

Shore Improvements Blackpool. (11) Jan. 19. 

Combined Gas Light and Bell Buoy. Robert Dixon. (8) Jan., 1900. 

New Type Excavating Machine. Lea, Am. Soc. (13) Feb. 

Condition the Panama Canal. Charles Paine, Am. Soc. 
Feb., 

The ment German Canals Latter Years. Fr. Enblom. Jan. 20. 

Navigation Interieure. Traction Electrique sur lesCanaux. Rao ubreuil. (36) 


an. 10. 
Régime Marée dans Manche. Léon Bourdelles. (43) Third trimestre 
Transformation Canal Lateral ala Loire Rouyer. (33) Jan. 13. 
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otherwise specified, books this list have been donated the Library 
the Publisher. 


HANDBOOK TESTING MATERIALS. FOR THE CONSTRUCTOR. 


Part Methods, Machines and Auxiliary Apparatus. Vol. 
Text; Vol. II, Professor Adolf Martens, Director 
the Royal Testing Laboratories Berlin and Charlottenburg. 
Authorized Translation and Additions. Gus Henning. Cloth, 


ins., vols., illustrated. New York, 1899. John Wiley Sons. 


The author states the Preface that his book designed counsellor the 
constructor all questions relating the properties his materials 
His work divided into two volumes. one relates the general properties 
materials construction, and especially the art and science testing materials 
machinery and superstructure. There added presentation and discussion 


the most important types testing machines and auxiliary apparatus. There 
index thirteen pages. 


THE COST LIVING 


Modified Sanitary Science. Ellen Richards. Cloth, 
8x5ins., pp. New York, John Wiley Sons, 1899. $1.00. 

The headings chapters are: Standards Living; The Service Sanitary Science 
Increasing Productive Life; Household Expenditure; Rent Value and 


Operating Expenses; Fuel, Light, Wages; Food; Clothing Relation Health; The 
Emotional and Intellectual Life; The Organization the Household. 


WATER-SUPPLY ENGINEERING. 


The Designing, Construction and Maintenance Water-Supply 
Systems, Both City and Irrigation. Prescott Folwell, Am. 
Soc. Cloth, ins., 562 pp., illus. New York, John Wiley 
Sons, 1900. $4.00. 


The ground covered this volume indicated the contents, follows: Part 
Designing: Requisites Supply, Quality; Quantity; Sources Supply; Rainfall; 
Surface-Water; Rivers and Lakes; Ground-Water; Systems, Pumping Systems; 
Hydraulics; Dams and Embankments; Purification Water; Pumping and Pumping 
Engines; Designing. Part II. Construction: Supervision and Measurement Work; 
Practical Construction. Part III. Maintenance: Reservoirs, Head-Works and Intakes; 
Pumping Plants and Filters; Pipes and Conduits; Clerical and Commercial. There 
index fifteen pages. 


THE MANUAL AMERICAN WATER-WORKS, 1897. 


Compiled from Special Returns; Containing the History and Descrip- 
tion the Source and Mode Supply, Pumps, Reservoirs, Stand- 
Pipes, Distribution Systems, Pressures, Consumption, Revenue and 
Expenses, Cost, Debt and Sinking Fund, etc., the Water-Works 
the United States and Canada; With Summaries for each State and 
Group States. Edited Baker, Associate Editor 
neering News. Cloth, 6ins., 611 pp. The Engineering News Pub- 
lishing Co. New York, 1897. $3.00. 

This the fourth issue this work and contains descriptions all water-works 
completed, under construction, projected the United States and Canada, the 


close 1896. This book contains tabulated statement the water rates charged 
over 250 cities and towns. 


Affairs. MEMBERSHIP—ADDITIONS. 


ADDITIONS. 


Bacon, 
Asst. Engineer, St. Augustine, 
Chf. Eng. and Mgr., Ferro-Carril Assoc. 
tanamo, Guantanamo, Cuba 
CHITTENDEN, 
Secretary and Disbursing Officer, Missouri River Commis- 
sion, Sioux City, Iowa 
ARTHUR GRAHAM, 
WALLACE 
Cons. Eng., 228 Bay St., East, Savannah, 
WALTER, 
Asst. Eng., Bridge Co., 
Pa. 
CHARLES JEREMIAH, 
Watertown, 
State Street, Albany, 


ASSOCIATE MEMBERS. 


Coomss, Duncan, Jun. 
Ives, Jun. 
Oscar, Jun. 
Cortlandt St., New York City ............ Assoc. 
2092 Bathgate Ave., Tremont, New York City. Assoc. 


Asst. Eng., R., Grand Central Sta- 
tion, New York City 


ELMER Jun. 
4132 Ellis Ave., Chicago, 


Assoc. 


Date 

Membership. 
Jan. 1900 
Mar. 31, 1891 
1896 
Jan. 1900 
Feb. 1900 
Jan. 1900 
Feb. 1884 
Nov. 1894 
Feb. 1900 
Feb. 1900 
Jan. 1900 
May 1899 
Feb. 1900 
Jan. 1896 
Jan. 1900 
May 1892 
Feb. 1900 
Oct. 1892 
Dec. 1899 
Feb. 1900 
Jan. 1899 
Feb. 1900 
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MEMBERSHIP—DEATHS. 


174 West 126th St., New York City............... 1900 
Asst. Eng., Louisville Nashville Terminal Co., Nash- 


DEATHS. 

H...Elected Member Nov. 3d, 1875; died Feb. 7th, 
1900. 

JoHN............. Elected Member July 10th, 1872; died Jan. 21st, 
1900. 

Norman, Elected Member Feb. 17th, 1869; died Feb. 4th, 
1900. 
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Vol. XXVI. FEBRUARY, 1900. No. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 
Experiments the Flow Water the Six-foot Steel and Wood Pipe Line 
the Pioneer Electric Power Company, Ogden, Utah. Second Series. 


Am. Soc. E.; and LEANDER 108 


History the Pennsylvania Avenue Subway, Philadelphia, and Sewer Con- 
struction Connected Therewith. 


Discussions Papers which have been presented 

The Albany Filtration Plant. 

FULLER, GEORGE WHIPPLE and GEORGE 
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AND 


General Plan. 

The following experiments made June and July, 1899, are sup- 
plementary those made the authors August, 1897, and described 
previous paper.* The main object was the same before; 
determine the relation between the mean velocity flow the pipe 
and the loss head between certain definite points. methods 
used, being general the same the former work, need not 
described fully here; will suffice indicate the points difference 
the apparatus used, and the methods making and reducing the 


observations. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited, from those who cannot present the meeting, and may 
sent mail theSecretary. Discussion, either oral written, will published ina 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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The experiments 1897 upon the steel pipe utilized length 
about 400 ft.* the wood pipe experiments length ft. 
was used. The long section wood pipe above Tunnel No. was 
not used because the that point prevented securing static 
conditions the pipe When the present series observations 
was made, was found possible stop the overflow adjusting 
flash boards properly the relief shaft and the dam. 
ments the loss head length about 700 ft. the wood 
pipe above Tunnel No. were therefore made. addition, limited 
number experiments was made upon the portion wood pipe used 
1897, well new series upon the steel pipe. velocity flow, 
materially higher than the preceding series, was secured. 


Pressure Measurements. 


Six pressure stations, located the ends the three portions 
pipe above mentioned, were occupied. For convenience reference, 
these stations have been designated the numbers and 
beginning the lower end the steel pipe. Mercury gauges were 
used all stations except No. the upper end the long section 
wood pipe. this point the pressure was small that water 
piezometer was used. 

Stations Nos. and were placed the gauges used 1897, and 
their description need not repeated here. The only change made 
these gauges was the attachment fixed scales for the purpose 
reading the position the mercury the reservoirs. The gauges 
used Stations Nos. and were open manometers similar the 
others, but modified design. 

the former experiments, was found difficult make the gauges 
absolutely mercury-tight under the high pressure existing the power- 
house, and this difficulty was carefully guarded against planning the 
new series. The new gauges were than the old, and were 
tested the highest pressure under which they were used. 
Means were also provided for determining fluctuations the level 
length was 4427 ft. during part the ft. during the 


For plan and profile, showing the position this tunnel, see paper Henry Gold- 
mark, Am. Soc. E., Transactions, Am. Soc. E., Vol. xxxviii, 246. 

Static readings the gauges could, course, dispensed with the difference 
level between the gauges were known with sufficient exactness. determine this 
difference with the requisite accuracy running line levels would have involved 
such amount labor and time put this method out the question. 
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the mercury surface the manometer reservoir, that, even 
leakage mercury occurred, the observation the height the 
mercury column would not vitiated. For this purpose the gauge 
was provided with glass tube placed vertically the side the 
reservoir and communicating with top and bottom (Fig. 1), and 
the side this tube was placed fixed scale. The position the 


Seale of inches 
1 2 3 


top the mercury this tube could read with the same degree 


precision that the top the mercury column the open tube 


The scales used were all cases graduated hundredths foot, 
and the third decimal place was estimated taking readings. 

the previous experiments, the long mercury column Station 
No. was provided with water jacket carrying running water, insure 
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uniform temperature. other stations the temperature was deter- 
mined thermometers placed beside the columns. 

The specific gravity the mercury used, terms water from 
the pipe, was determined for the authors the chemical laboratory 
the Ogden Sugar Company, through the courtesy the Superintend- 
ent, Mr. Dyer. The value adopted was 13.57.* 

The pipe leading from the pressure section was every case given 
continuous upward inclination the point communication with 
the manometer reservoir, and was 
provided with blow-off cock 
the highest point, for the purpose 
keeping this connecting pipe 
free from air. the case Mano- 
meter No. this pipe was neces- 
sarily considerable length, but 
the water could com- 
pletely changed opening the 
blow-off for few seconds. The 
vitiation the results air 
would require sufficient accu- 
mulation completely fill the 
cross-section the pipe. 
reasonably certain that such 
accumulation occurred any 
piezometer. There was, fact, 
indication any time that 
any important amount air was 
carried the water. 

The attachment piezometers 


the main pipe was made the 


way the former series except the case 
the water piezometer Station No. this section the pipe was 
tapped five points, (Fig. 2). vertical glass tubes 


the former series experiments, value 13.6 was used, the authors believing them- 
justified assuming, without determination, that this 
value was correct the degree accuracy demanded the nature the experiments. 
The difference between 13.57 and 13.6 would mean difference less than one-fourth 
the values found for head. have yet learn any experi- 
ments flow large pipes which can claim such degree accuracy this figure 
represents, and not claim such accuracy for their own experiments. 

Transactions, Am. Soc. E., Vol. xl, 475. 
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Xand were used, the former communicating with the pipe the 
single point the latter arranged communicate with any more 
the tubes running The object this arrangement 
was test whether the indication the piezometer was affected 
the position the point attachment. For this purpose, simul- 
taneous readings were taken the water columns and the latter 
being communication with the pipe any one, any combination, 
the points The results showed small difference 
between the reading the former being all cases little 
the higher. The oscillations the two columns (which were some- 
what rapid and not simultaneous) prevented precise determination 
the amount this difference and its variation with the velocity 
flow. The best observations showed difference 0.02 ft. with 
velocity 4.7 ft. per second. change the reading appeared 
produced changing the combination points communi- 
cation with the pipe. would seem, therefore, that the difference 
the readings and was due some accidental circumference 
affecting the connection The reading was used all cases 
the observations for determining loss head the pipe. 


Measurement Rate Discharge. 


The rate discharge was determined before, attaching dif- 
ference-gauges the two Venturi meters. The two difference-gauges 
were placed side side, that both could read single 
observer (Fig. Plate XV.). pipes were laid con- 
tinuous up-grade from the pressure sections the gauges, blow-off 
valves being placed the summits insure freedom from air. 


Loss Head Meters. 


The difference-gauges were triple, showing pressure-differences for 
three sections: upper section Venturi, throat Venturi, and full- 
sized section below Venturi. The pressure-difference for the first and 
third sections thus showed the loss head between those points. 


Programme Tests. 

carrying out the observations, was necessary secure simul- 
taneous observations the rate discharge and the pressure each 
the points between which the loss head was computed. 
For this purpose, observers stationed the several gauges use took 


PLATE XV. 
PAPERS AM. SOC. 
FEBRUARY, 1900. 
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readings short intervals (generally one minute less), throughout 
period previously agreed on. During each period was aimed 
maintain uniform rate discharge. Because fluctuations the 
consumption power customers, the amount water used the 
wheels could not always kept constant was desired, and was 
necessary most cases use the average readings, which varied 
somewhat during the interval question. interval minutes 
was adopted the standard period covered observation,” 
and most cases nearly uniform flow was maintained during four 
consecutive 20-minute periods. The readings obtained during each 20- 
minute period were averaged, giving one and, when 
the variation the flow was small during several consecutive observa- 
tions, these were combined form The amount differ- 
ence between the observations any group may seen reference 
Table No. explained below. the beginning each 20- 
minute interval the blow-off valves were opened for sufficient time 
insure freedom from air the gauges and the connecting pipes. 


Reduction Observations. 


The method reducing the observations was somewhat different 
from that used before;* the difference, however, form rather than 
substance. 

(1.) Reduction Manometer Reading Equivalent Water Column.— 
Each manometer observation was reduced equivalent water-pie- 
zometer reading. For this purpose zero datum level assumed 
for each gauge, the position which arbitrary, but which 
convenient take the zero the lower fixed scale. 

The data furnished manometer observation are the following: 
Height top mercury column above zero upper scale; height 
mercury surface reservoir above zero lower scale; temperature 
mercury column. these quantities found averaging 
the readings taken throughout observation period. When the 
pressure was very unsteady, the readings were plotted before aver- 
aging; comparison the plotted results obtained from the different 
gauges being assistance the selection the exact readings 
used. most cases the readings were steady make 
plotting unnecessary. 


Transactions, Soc. E., vol. 480. 


{ 
{ { 
4 
q 
(2 
i 
| 
4 
be 
| 
| 
- 
3 
a 
4 
| | | 
a 
4 
4 
\ 
' 
{ 
| 


114 MARX, WING AND HOSKINS FLOW WATER. 


The vertical distance between zeros the two scales known 
constant for each gauge. Adding this the upper reading and 
subtracting the lower reading, the result the actual vertical length 
the mercury column. This must reduced equivalent 
column standard temperature. Strictly, this temperature should 
that the water the portion pipe under experiment; practic- 
ally, makes little difference what temperature selected the 
standard, except that variations the water temperature must 
taken into account, sufficient amount affect the results materi- 
ally. When the experiments were begun, the temperature the water 
was the neighborhood 10° Cent., and this was chosen the 
standard. The reduction this standard temperature made 
applying the factor 0.00018 10), being the temperature 
the mercury column degrees Cent., and 0.00018 being 
ciently exact value the coefficient expansion mercury within 
the range temperature found the experiments. 

The mercury column reduced water multiplying the 
specific gravity mercury, which, previously stated, was found 
the height water, thus computed, must added the 
lower scale reading, the zero this scale being taken the fixed 
piezometer datum. 

Changes temperature the water the pipe must considered 
next. The difference level the two pressure stations the steel 
pipe about 300 ft. The difference between the pressures these 
two stations will changed appreciably change even few 
degrees the temperature the water. Thus, the coefficient 
expansion water the neighborhood 10° Cent. very nearly 
0.000084. change the temperature (say from 12°) 
would therefore cause the relative level piezometers the two 
points change about 300 0.000084 0.1 ft. (very nearly). 
Observations the temperature the waste flume below the power- 
house showed, during the period covered the experiments, varia- 
tion between 9.5° and 14° Cent. apparent, therefore, that this 
cause probably had appreciable influence upon the gauge readings 
Stations Nos. and 

From observations the temperature the flume, estimate 
was made the mean temperature the water the steel pipe 
during each observation, and the corresponding correction was applied 
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the reduced water column. Thus, the water temperature 
Cent., the piezometer column, 10°, computed above, multi- 
plied the factor 0.000084 10). 

This correction was applied only case Manometers Nos. and 
the case the wood pipe comparatively little im- 
portance, because the much smaller slope the pipe. Moreover, 
although the flume temperature may give fairly reliable indication 
the variations temperature the steel pipe, would hopeless 
attempt secure any reliable estimate the changes 
the long section wood pipe. 

(2.) Computation Loss Head.—The loss head between any 
two stations, due given velocity flow, may found deter- 
mining the difference between the piezometer columns the two 
stations, and comparing with the like difference under static con- 
ditions.* Thus, denotes the difference between simultaneous 
values the piezometer heights the two stations, and the 


‘value under static conditions, the loss head between 


the two stations. The datum reference must remain constant for 
each piezometer, but its actual position arbitrary. the two sec- 
tions pipe haye unequal diameters, the velocity-head must 
added the piezometer height every case; but, with uniform 
pipe, the velocity terms disappear from the value the loss head. 
Computation Rate Discharge.—From difference-gauge 
observation, the rate discharge computed the usual way. 
The velocity through the throat the Venturi given the formula 
which His head Venturi,” and the coefficient 
the product the friction coefficient (in the notation the 
previous paper), and the coefficient depending upon the areas the 
upper section and throat the Venturi. The values for the 


Ogden meters, furnished the manufacturers were given the 
former 
General Results. 


From each observation-group, the values the following quanti- 
ties have been computed: Loss head per thousand feet; coefficient 


*In the previous (Transactions, Am. Soc. E., Vol. xl, 481), the method 
used was substantially the same; but the loss head was first computed mercury 


and then reduced water, while the present case each separate manometer observa- 


tion was reduced equivalent water piezometer reading. This method was adopted 
for the reason that one the gauges was water piezometer, and its readings re- 
quired reduction. 


Transactions, Am. Soc. E., Vol. xl, 482. 
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Kutter’s formula. These have been tabulated, and the values 
and loss head per thousand feet are also shown graphically, 
being plotted with mean velocity flow abscissas. Mean curves are 
drawn, representing each these quantities function the velocity, 
and, from the mean curves, generalized tables are computed. 
tables are included values the friction coefficient the formula 

being total loss head length pipe. These values are com- 
puted from those from the relation 


THE EXPERIMENTS. 
Record Observations. 


The experimental data for the entire series observations are 
shown Table No. The observations are numbered chronologi- 
cal order, the numbers being given Column the table. The 
total number 84; but No. was rejected because showed great 
discrepancy when compared with Nos. and which the rate 
discharge had the same value No. nearly every case the 
period observation was minutes, though the actual interval 
during which readings were taken was less than this from 
minutes, because the time occupied opening the blow-off valves 
the beginning each period. The date and time each observa- 
tion are given Column 

Columns contain the data obtained from the five 
mercury gauges Stations Nos. and each case, the 
following quantities are entered: Upper scale reading (U), lower scale 
reading (L), temperature mercury Inthe case Mano- 
meters Nos. and the temperature the water the steel pipe (¢) 
also given. The constant distance between zeros upper and 
lower scales each case entered the top the column. The 
sub-column headed Mer.” gives the actual height the mercury 
column, and the sub-column Reduc.” gives the height the 
mercury column corrected for temperature. the case Mano- 
meters Nos. and there double temperature correction, account 
being taken both mercury and water temperatures. 
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The method applying the temperature correction may 
explained reference single observation, No. 18. The data 
entered for Manometer are follows: Upper reading, 2.214; 
lower reading, 0.033; constant distance between zeros scales, 31.300; 
mercury temperature, 10.8° Cent.; water temperature, 11.5° Cent. 
The actual height the mercury column is, therefore, 31.300 
2.214 0.033 33.481 ft. reduce equivalent column 10° 
Cent. there must subtracted 33.481 0.00018 0.8 0.005 ft., 
0.00018 being the coefficient expansion mercury. The correction 
for water temperature, already explained, has for convenience been 
applied the mercury column before reduction equivalent water 
column. Observation No. the temperature the water the 
steel pipe 1.5° higher than the standard temperature 10° Cent. 
The corresponding correction the mercury column 33.481 
0.000084 1.5 0.004 ft., 0.000084 being taken the coefficient 
expansion water temperatures near 10° Cent. Thecorrection for 
mercury temperature negative, while that for water temperature 
positive; hence the reduced height mercury column Mer. 
Reduc.”) 33.481 0.004 0.005 33.480 ft. 

should remarked that the constant distance between zeros 
need not determined-with great accuracy. Its only importance 
the computation the temperature correction. 

Column given, for each gauge, the height the equivalent 
water piezometer.” The datum reference for each gauge is, 
already remarked, arbitrary. the zero the lower scale taken 
datum, the equivalent water piezometer height determined mul- 
tiplying the reduced mercury column 13.57 (the relative specific 
gravity the mercury 10° Cent.), and adding the lower scale read- 


ing. Thus, referring Observation No. 48, the data for Manometer 
No. are 
7.136 reduced height mercury column; 


0.006 lower scale reading. 
Hence the height the equivalent water piezometer 7.136 
13.57 0.006 96.84 ft. 

the case Manometer No. the reduced mercury column 
every case diminished ft. before the reduction equivalen 
water piezometer.” This simplifies the logarithmic computation, and 
allowable because amounts merely shifting the datum refer- 
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ence 407.10 ft. (the water equivalent mercury). The 
values for Gauge No. have like manner been 
diminished ft. 

The sixth sub-column under Column gives the reading Gauge 
No. The equivalent water this case the actual 
reading the gauge. Since the height water column only 
ft., the temperature correction for this inappreciable. About 
20° change temperature the column would required change 
the reading 0.01 ft. 

Sub-column under Column gives the stage water the 
reservoir above the dam. obtained measuring down from 
fixed point the masonry, and the values are therefore given the 
minus sign. Many the valuesentered are obtained interpolation 
between observations made hour more apart. special device 
was used secure great accuracy these readings, and some cases 
they are affected uncertainty perhaps 0.05 ft. because 
waves. These readings are not used estimating pipe coefficients, 
but were taken for the purpose estimating the loss head the 
entire pipe line. 

For computing the loss head between two manometer stations, 
the difference between simultaneous piezometer columns these 
stations taken. Values this difference for each the three lengths 
pipe experimented on, and also for Gauges Nos. and are given 
Column 10. These values are found each case taking differ- 
ences between the numbers the corresponding sub-columns 
Column The process computing loss head completed 
subtracting these differences from the corresponding static difference 
for each pair manometers compared. The results are given 
Column 11. 

Static readings could secured only during one hour each week, 
when the water-wheels were stopped. Three sets static readings 
were taken, the results being recorded Observations Nos. and 
76. When Observation No. was made, only Manometers Nos. and 
were ready for use. Observation No. includes readings all 
manometers. Observation No. readings were taken Mano- 
meters Nos. The static difference for the steel pipe (1-2) 
was thus observed three times; but Observation No. the steel 
pipe was not regarded very satisfactory the time, the static dif- 
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ference adopted for Gauges Nos. and was based upon Observation 
Nos. and 76, which differ only 0.01 ft. values are 13.19 
and 13.18; when the computation carried the third decimal place 
the mean these 13.186, and value adopted 13.19. will 
seen that Observation No. gives value differing from this 0.06 
ft. this had been used computing the mean, the result would 
have been changed only 0.02 ft. Only one determination the 
static difference 3-4 was made. For 5-6 there were two determi- 
nations, giving values 49.49 and 49.55, the mean which (49.52) was 
adopted. 

Column are entered the values the total loss head and 
the loss per thousand feet, for each the three lengths pipe 1-2, 
3-4, 5-6. the top each sub-column given the length pipe 
between manometers. also given for values the 
loss between Gauges Nos. and from which the loss due Tunnel 
No. may estimated. 

Columns 12, 13, and are entered the results the dis- 
charge observations. Thesub-column headed for each meter 
gives the difference between the heights the throat and up-stream 
mercury columns the Venturi meter difference-gauges. ‘‘Head 
Venturi” equal this difference multiplied e—1, being the 
specific gravity the mercury, 13.57. From this gauge reading and 
the known dimensions the meter the rate discharge computed, 
already explained. The remaining columns, giving rate discharge 
for each meter, total rate discharge, and mean velocity flow the 
steel and the wood pipe, need explanation. 

most cases several consecutive observations (usually four) were 
made with nearly constant conditions discharge possible. 
When the actual variation was small, such observations were combined 
into These groups are designated letters, which are 
given Columns and Table No.1. Table No. shows values 
mean velocity and loss head, obtained averaging the results 
each group observations. The other quantities given this 
table will referred later. 


Steel Pipe Results. 


The steel pipe results.for each observation-group are given 
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TABLE No. 


Woop PIPE. 
Man. 


Loss head 
feet. 


The same results are shown Plate XVI. this dia- 
gram mean curves are drawn represent the relation between mean 
velocity flow and each three quantities, loss head per thou- 
sand feet, loss head given the experi- 
ments 1897 also shown for the purpose comparison. The later 
series covers range velocities materially greater than the earlier, 
the greatest value the mean velocity being 5.32 ft. per second 
the observations 1899 against 3.85 ft. per second the series 
1897. 

reference Fig. the previous shows that the por- 
tion the curve corresponding the higher velocities was based 
largely upon five observations made under conditions falling press- 
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TABLE No. GENERALIZED RESULTS. 


1897 1899 1897 1899 1897 1897 1899 
3.0 108.0 0.0221 0.0245 0.0147 0.0154 


uve. seems possible, the light the later results, that this por- 
tion the curve somewhat too low. But making all reasonable 
allowance for the uncertainty the values found, appears that 
there has been some decrease the carrying capacity the steel 
pipe. 

interpolation, using the mean curves Plate XVI, values 
the several quantities may found for velocities 1.5, feet per 
second. These generalized values H’, and are shown Table 
No. together with the corresponding values from the observations 
1897. 

The Chezy coefficient shows increase with the velocity. For 
velocities above 2.5 ft. per second, this increase, however, slow, and 
the upper limit the value would appear not greater than 106. 

The Kutter coefficient shows, for low velocities, decrease with 
increasing velocity. For higher velocities approaches limiting 
value about 0.0152. 

must remembered that the law variation and for 
low velocities cannot regarded reliable, because the values found 


for these quantities are affected very materially small errors the 
measured loss head. 


Wood Pipe Results. 


The wood pipe results for all the observation-groups are shown 
Table No. For the shorter length pipe (3-4) the table gives only 
the velocity and the loss head per thousand feet (Columns and 8). 
For the longer portion, values ofc and are also given. 
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TABLE No. 4.—Woop Pree. 


0.066 0.049 100.0 116.0 0.0191 0.0150 0.0130 
0.123 0.106 0.0212 0.0183 0.0141 0.0130 
0.184 115.0 119.9 0.0179 0.0137 
0.292 0.284 119.0 120.8 0.0181 0.0176 0.0133 
0.400 0.404 122.0 121.4 0.0173 0.0175 0.0132 
0.527 0.548 124.0 121.7 0.0167 0.0174 0.0130 0.0132 
0.678 0.712 122.0 0.0165 0.0172 0.0128 0.0132 


The coefficients and and the loss head per thousand feet are 
shown graphically Plate XVII, being plotted functions the 
mean velocity flow. This diagram shows the observations both 


portions the wood pipe, the two sets points being marked 


differently. 

the number observers was too small permit the simul- 
taneous occupation all the six manometer stations, was thought 
best devote special attention the long section wood pipe, and 
the steel pipe. The number observations upon the shorter 
length wood pipe was therefore limited, their main value being 
serve check upon the results 1897, and show whether any 
material difference exists between the coefficients for the two portions 
wood pipe. The mean curves shown Plate XVII are intended 
represent the results for the long section only. For the purpose 
comparing with the previous experiments the lower section, the 
mean curve loss head found from the experiments 1897 
also shown. 

The generalized results for the upper section wood pipe are 
given Table No. the values H’, being obtained from 
the mean curves Plate XVII. The table includes also values the 
same quantities for the lower section pipe, found from the 
experiments 1897. 


Loss Head Due Tunnel No. 


Tunnel No. 108.7 ft. long, and unlined, its cross-section 
being approximately square. Manometer Stations Nos. and 
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were opposite sides this tunnel, the former being ft. from its 
west end and the latter ft. from its east end. Simultaneous read- 


ings the gauges these two stations furnish date for estimating 
the loss head due the tunnel. 


TABLE No. 108.7 Fr. Lone. Fr. 


second. and feet. feet. pipe, feet. 


1.0 0.003 835 
2.0 0.110 0.012 0.098 532 
3.0 0.190 0.027 0.163 405 
4.0 0.290 0.048 0.242 340 
5.0 0.430 0.074 


LOSS HEAD (IN 


VELOCITY WOOD PIPE (IN FEET PER SECOND) 
Fie. 


The total loss between Gauges Nos. given Table No. 
Column 11, and the condensed results are shown Table No. 
Column 13. These results are shown graphically Fig. which 
also drawn curve represent the relation between the total loss 


1.0 2.0 3.0 4.0 5.0 
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TABLE No. 
No. Group. 
e—1 e—1 e—1 e—1 e—1 e—1 e—1 
| 
0.006 
0.007 
0.007 
0.020 
0.019 
0.019 
0.019 
0.019 


head between gauges and the mean velocity flow the wood 
pipe. Upon this curve are based the generalized results given 
Table No. 

The total length wood pipe between the two gauges ft.; 
the loss head due this length, assuming the loss per thousand 
feet have values given Table No. computed and entered 
Table No. Deducting this from the total loss between gauges, 
the loss due the tunnel found. The total tunnel loss made 
loss loss outlet, and loss due resistances the 
not possible estimate these losses separately 
The curve showing 


tunnel itself. 
determine the value for the tunnel. 
total loss due tunnel for different values velocity the wood 
pipe given Fig. 

The last column Table No. shows the length wood pipe 
which would produce the same loss the tunnel. 
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Loss Head Venturi Meters. 


limited number observations was made the loss head 
due the Venturi meters. The first and third tubes each the 
triple difference-gauges communicated with the pipe points where 
the values the mean velocity were equal, the diameter being ins. 
each section. The observed pressure-difference between these sec- 
tions, therefore, was due wholly the loss head the intervening 
portion the stream. 

should stated that this observed loss not all chargeable 
the meter. The portion the pipe between the two pressure sections 
included, besides the converging and diverging portions the meter, 
about ft. 54-in. riveted pipe. The diverging pipe below the 
throat constructed riveted plates, and gate-valve, occupying 


VENTURI METER 


Point of attachment 
lower leg difference gauge 
Point of attachment 
middle leg difference gauge 
Point of attachment 
7. upper leg difference gauge 


Total length Venturi 39'11" 


42-in.Gate 
Valve 


about ins., situated this portion the pipe. The whole 
arrangement shown Fig. Doubtless, the greater part the 
observed loss head occurred between the throat and the down- 
stream pressure section. While the loss the diverging pipe may 
properly charged the meter, since this necessary part the 
apparatus, this not true the loss the ft. 54-in. pipe below, 
nor the loss due the gate. The points attachment the dif- 
ference-gauge tubes were the same these experiments the 
previous series. 

The results the observations the loss head thé meters 
are shown Table No. Head Venturi” denoted and 
head” The specific gravity the mercury being 
the difference between the up-stream and throat mercury columns 
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and the difference between the up-stream and down-stream 


columns These are the quantities observed directly, and the 


observed values are given the table. These values are averaged 
groups, and the average values are entered Columns and 10. 
The observation numbers and the letters designating groups agree 
with those Table No. 

The results are plotted Fig. the previous series ob- 
servations,* the plotted points fall very nearly straight line, 
stant value The value found for 0.169, while 1897 the 
value was 0.149. The lines corresponding both these values are 
shown Fig. 

thus appears that the loss head between the two sections com- 
pared increased 13.4% between August, 1897, and June, 1899. This 
the assumption that the loss head the meter proper (i. e., be- 
tween the upper section and the throat) has remained constant; for 
unless this true given value head Venturi” corresponds 
different values the rate discharge the two series experi- 
ments. 

How nearly correct this assumption is, there are means know- 
ing. Itis probable, however, that the change the loss the con- 
verging part the meter slight. 

may pointed out that increase the loss head, 
for any given velocity, agrees well with the increase observed the 
72-in. steel pipe. This may verified comparison the 1897 
and 1899 curves loss head Plate XVI. 

The continued courtesy Bannister, Am. Soc. E., 
Chief Engineer the Union Power Company, and the Board 
Directors, enabled the authors duplicate and extend the series 
observations made 1897. them Mr. Boggs, Electrical 
Engineer, the authors are under great obligations for giving carie 
blanche, far they were able without interfering with the 
running the plant. the authors were short-handed times, the 
work could not have been carried through the time their dis- 
posal the Superintendent the Power Company, Mr. Crocker, 


See Figs. and previous paper. 


| 
| 
| 


Papers.] MARX, WING AND HOSKINS FLOW 


LOSS VENTURI (IN FEET MERCURY 


0.130 LOSS HEAD VENTURI. 
OBSERVATIONS FOR SOUTH METER 
OBSERVATIONS, AND FOR NORTH METER 


0.120 


0.4 0.5 0.6 0.7 0.8 0.9 
HEAD VENTURI (IN FEET MERCURY) 
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had not kindly assisted taking readings. also regulated the dis- 
charge give, far practicable, the desired velocities. For his 
assistance and co-operation the authors desire express their sincere 
thanks. Their former assistant, Mr. Spencer, Assistant Engi- 
neer, Oregon Short Line, came from Salt Lake two occasions 
help, and him also the authors owe thanks. During the entire 
period their stay they were, furthermore, assisted their colleague, 
Professor Fish, who has added their obligations pre- 


paring number the diagrams accompany this paper. 
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HISTORY THE PENNSYLVANIA AVENUE 
SUBWAY, PHILADELPHIA, AND SEWER 
CONSTRUCTION CONNECTED 
THEREWITH. 


Soc. 


PRESENTED 21st, 1900. 


the purpose this paper present the more interesting 
features the history the work abolishing grade crossings 
Pennsylvania Ave., the City Philadelphia, what known 
the Pennsylvania Avenue Subway, and also the construction the 
sewers connected therewith. 


GENERAL DESCRIPTION. 


The Philadelphia and Reading Railroad enters the densely popu- 


lated portion the City Philadelphia means two principal 
systems: 


First.—That from Wayne Junction, Tioga, and Ninth St. the 


Reading Terminal Twelfth and Market Sts., formerly the New 
York Division. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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Second.—That from Falls Schuylkill, Belmont and Pennsylvania 
Ave., also connecting with the Reading Terminal near Twelfth and 
Callowhill Sts., formerly the Main Line Division. 

Both these systems are now part the Philadelphia Division. 

1893 both these lines contained very large number grade 
crossings, which were becoming more dangerous the city grew and 
the population the lines the tracks increased. 

account the large number tracks which formerly crossed 
Broad St. grade between Callowhill St. and Pennsylvania Ave., and 
because Broad St. one the widest and finest streets the city, 
being, the point referred to, one the principal routes from the 
center the city Fairmount Park, special attention had been 
directed for some years arrangement between the City Phila- 
delphia and the Philadelphia and Reading Railroad Company 
means which this particular grade crossing could avoided. 

December 26th, 1890, ordinance was approved the Mayor, 
giving the Philadelphia and Reading Terminal Railroad Company the 
right construct the Terminal Station Twelfth and Market Sts., 
and connect means elevated structure with the tracks the 
Philadelphia and Reading Railroad Company at: 

First.—A point near Broad St. and Pennsylvania Ave., and, 

Second.—A point near Ninth St. and Fairmount Ave. 

consideration this privilege the Philadelphia and Reading 
Railroad Company was, means changes the grades the 
streets, abolish the grade crossings Broad St. and Lehigh Ave., 
Ninth St. and Columbia Ave., and Broad St. and Pennsylvania 
Ave., all without expense the city. this ordinance, Broad St. 
was carried over the railroad both Pennsylvania and Lehigh 
Aves. The plans for this change Broad St. and Pennsylvania Ave. 
provided for raising Broad St. about ft., and was known the 
plan. 

After the construction the bridge, with its approaches Lehigh 
Ave., the northern section the city, was demonstrated clearly 
that similar raising the grade Pennsylvania Ave., almost 
the heart the city, would not only seriously damage valuable prop- 
erty, but would practically ruin the finest avenue the city, and 
would leave sixteen dangerous grade crossings the westward 
for. 
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Before arrangements were made begin work Pennsylvania 
Ave., several plans were prepared different interests, with view 
avoiding the hump Broad St. One these contemplated the 
abolishment all grade crossings the line Pennsylvania Ave. 
and Noble St. from Thirteenth Thirtieth Sts. means tunnel 
extending from Hamilton St. point near Taney St., and the re- 
mainder the line, including the freight yards the railroad com- 
pany, open subway with bridges the line Broad and other 
cross streets. This plan contemplated but slight change the 
grade Broad St., and had the additional advantage abolishing 
sixteen other dangerous grade crossings over Pennsylvania Ave., be- 
sides providing entrance Fairmount Park free from all danger 
and annoyance from passing trains. 

The question elevating the railroad tracks the avenue was 

considered, but this type construction would result all the 
intersecting streets being crossed bridges, over which constant and 
heavy traffic would passing, and particularly as, addition 
Broad St., these crossings would over Twenty-second, Spring 
Garden and Green Sts., and Fairmount Ave., all principal entrances 
Fairmount Park, the scheme was objected seriously citizens 
the central and southern portions the city. The bridge pro- 
posed Broad St. was specially protested against as, account 
the crossing being the center the railroad terminal this point, 
the width the overhead bridge would have been 265 ft., thus prac- 
tically making tunnel this length over the street, and cutting off 
the view the central boulevard the city. 

After the preparation number studies the engineers 
the city, the Philadelphia and Reading Railroad, and the late 
John Wilson, Am. Soc. E., Consulting Engineer for the 
Railroad Company, plan and estimates were prepared for depressing 
the tracks and carrying them subway and tunnel beneath all the 
from and including Broad St. the west far Thirtieth 
St., permanently abolishing all the grade crossings, providing for the 
railroad business and for the maintenance adequate track connec- 
tions along the avenue from Thirteenth Twenty-second Sts. 

The advantages subway are that does not disfigure the 
which cross it, the grades being arranged that the super- 
structures the bridges are beneath the level the streets, and the 
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contour therefore remains unbroken. means the tunnel from 
Twenty-second St. the west, the tracks are removed from sight, and 
what was formerly half-blighted section the city will reclaimed, 
obtaining for the city splendid driveway and appropriate 
entrance Fairmount Park freed from all objectionable features. 
will also result partial return increased taxes. From 
standpoint, will away with the constant expense 
watchmen, the safety gates, and will allow the 
rapid running trains clear permanent way, besides practically 
doing away with all claims arising from accidents the public. 


LEGISLATION. 


the spring 1894, printed draft ordinance for the work 
generally described above, together with lithographs bird’s-eye 
views Pennsylvania Ave. existed that time and was 
proposed change it, was placed the hands Common and Select 
Councils, the Legislative bodies the city, together with estimate 
the total cost the work, which was placed These 
lithographs are reproduced Figs. and and show clearly the 
intent the work the average layman. 

March 15th, 1894, ordinance was approved the Mayor, 
then the Honorable Edwin Stuart, for the issuance 
loan 000 used for the work. The ordinance provides 
that the city shall negotiate the loan, specially provided, and the 
railroad company shall eventually pay back the city half the cost 
the work, providing that their share the said cost event ex- 
ceeds the sum 000 000. The loan issued twenty series 
$300 000 each. 

March 17th, 1894, ordinance was approved the Mayor, for 
carrying out the work substantial accordance with the general 
plans previously mentioned. 

The work authorized this ordinance involved the depression 
the tracks and yards the Philadelphia and Reading Railroad Com- 
pany between Broad and Thirtieth Sts., including the alteration 
the lines and grades the tracks and yards between the north side 
Noble St. and Callowhill St., and between Eleventh and Broad 
the alteration the lines and grades the tracks the Philadelphia 
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and Reading Terminal Railroad Company, east Broad St., and 
between Noble and Carlton Sts. Accompanying this depression and 
alteration tracks and yards, the alteration, construction and re- 
construction all the yard tracks, freight, engine, depot and signal 
buildings and other structures the Philadelphia and Reading Rail- 
road Company, provide much accommodation and full 
and convenient method for operation and conducting business 
previously existing. Adequate track connections with the various in- 
dustrial establishments along the line the railroad were pro- 
vided; provision was made for the construction temporary 
tracks and bridges for maintaining travel the railroad and upon all 
the intersecting streets. Bridges with adequate approaches, piers 
and abutments were built carry Broad St., Fifteenth, Six- 
teenth, Seventeenth, Eighteenth, Nineteenth, Twentieth and Twenty- 
first Sts. over the tracks the railroad. Bridges Callowhill, 
Twelfth and Thirteenth Sts. were built carry the tracks the 
railroad over these streets. Provision was made for carrying the 
tracks open subway, with the necessary retaining walls and 
underpinning all structures along the line, from point near Broad 
St. Hamilton St., tunnel from Hamilton St. point near 
Taney St., and thence open subway point near Thirtieth 
St. entire reconstruction the sewerage system between Twelfth 
and Thirtieth Sts. was made necessary, well the alteration and 
reconstruction gas and water mains, electrical conduits and other 
municipal structures. 

Twelfth, Thirteenth, Broad and few the other intersecting 
streets required some change grade. 

The lengths the various classes work constructed are 
follows: 


August 31st, 1894, formal agreement* was entered into between 
the Receivers the Philadelphia and Reading Railroad and the city, 


The form agreement and ordinance full have been filed the Library the 
Society for reference. 


q 
a8 
7 
. 
‘ 
q 7 
4 
| 
4 
7 


SKETCH 
illustrating the plan for 
the depression 
SHOWING EAST ENTRANCE PENNSYLVANIA AVE. 
° TO TUNNEL AT 218T ST AND ROADWAY WEST OF BROAD ST. 
=| 


J 
q 
: 
5 
2 
le 
le 


136 WEBSTER WAGNER SUBWAY SEWER CONSTRUCTION. [Papers. 


compliance with the terms the ordinance, which provided that 
before the ordinance should into effect the Railroad Company 
should file its acceptance the provisions contained and covenant 
should entered into, form approved the City Solicitor, 
perform all the provisions the ordinance far they relate 
the Railroad Company. 

the same day they also filed bond for $500 000, required, 
security for their payment the City half the total cost the 
work. 

August 31st, 1894, the general plans for the construction the 
work were approved, required the ordinance, and August 
30th bids were received for the work upon the entire sewerage system, 
the detailed plans for which had been prepared anticipation. 

The ordinance specifically provides that all the engineering work 
done the City under the supervision the Director the 
Department Public Works, and that the plans ayd specifications, 
after being prepared, are submitted the officers the Railroad 
Company for their approval, and copies filed with the Railroad Com- 
pany and the City. 

Provision also made for the necessary revisions the lines and 
grades the streets order carry out the work. 

Fig. isa general plan the work and the surroundings. 


large number soundings, the water-jet process, were made 
along the line the subway and the route the sewers, order 
give the contractors for the sewers idea the character the 
material excavated, and aid making intelligent designs for 
the work underpinning the buildings and for the main work con- 
struction the subway proper. Subsequent excavations, adjacent 
these soundings, developed the fact that they had been made care- 
fully, and were therefore the greatest value designing the work 
and making intelligent estimates. account the soft nature the 
rock many places, shown the soundings hard rock, would 
have been well limited number diamond drill borings had been 
made selected localities along the line, order determine the 
nature the rock more exactly. 


q 
q 
7 
7 


Papers.] WEBSTER WAGNER SUBWAY SEWER CONSTRUCTION. 137 


er 


Batt 


GENERAL PLAN 
FOR THE 
DEPRESSION THE TRACKS THE 
PHILA. READING R.R. 
PENNSYLVANIA AVE. NOBLE ST. 


SCALE OF FEET 
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SEWERS. 


order drain the subway, and provide for the old sewers 
cut the excavations, three new and independent systems main 
sewers were necessary accomplish this purpose the most satis- 
factory and economical manner, there being existing systems 
sufficiently low level. 

The three systems into which the sewers for carrying this work 
were divided are follows: 

First. The Twenty-fourth Street and Pennsylvania Avenue System.— 
This system provides for the drainage west Twenty-fourth St. 
the north side Pennsylvania Ave., intercepting all the cross 
sewers between Twenty-fourth and Thirtieth Sts., carrying the same 
beneath the tunnel Twenty-fourth St., down Twenty-fourth St. 
Powelton Ave., and the line Powelton Ave. the Schuylkill 
River. This system was divided, for construction purposes, into two 
contracts. 

Second. Callowhill Street System.—This system provides for the 
drainage the subway and tunnel from Thirteenth Twenty-third 
Sts. means main sewer Callowhill St. (which runs parallel 
Pennsylvania Ave., east Twentieth St.) with appurtenant sewers 
the cross streets leading under the subway and receiving through 
well-holes the sewage from the old high-level sewers the north. 
From Twenty-third St., the main sewer follows Powelton Ave. 
Twenty-fourth St., passes along Twenty-fourth St. Wood St. and 
thence the Schuylkill River. This system divided, for construc- 
tion purposes, into three contracts. 

Third. Twelfth Street System.—This system designed intercept 
the old Thirteenth St. main sewer, carry down Buttonwood St. 
Twelfth St., thence along Twelfth St. Carlton St., where dis- 
charges into old. main sewer the Delaware River water-shed. 
This system one contract. 

Detail plans were prepared for these sewers and special specifica- 
tions written upon the same lines those use the Sewer 
Division the Bureau Surveys (the City Bureau having charge 
all sewer work). The sewers were contracted for price per 
lineal foot for each size completed sewer, including excavation, 
refilling and all appurtenances shown the drawings, such man- 
holes, wellholes, spurs, etc. 
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GIRARD AVE. 


CONNECTION WITH THE DEPRESSION 
TRACKS THE PHILA. READING 
PENNSYLVANIA AVENUE 


SCALE OF FEET 
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These specifications,* while covering the whole work construc- 
tion detail, specify some features which are rather different from 
usual practice, and are, therefore, worthy special attention. 

was directed that all sewers, wherever practicable, were 
constructed tunnel, the work being carried day and night. 

All appliances for removing excavated material were specially 
adapted for the prevention interference with travel, and were 
subject the approval the chief engineer. 

When constructed tunnel, the space between the outside the 
sewer and the roof and sides the tunnel was filled compactly 
with rubble masonry concrete, directed. 

account the light grades, the inverts curves were 
plastered with Portland cement mortar, }-in. thick, reduce the 
friction. 

the general clauses relating the responsibility the 
contractors and maintenance, provision made settle disputes 
between the contractors the several sections the disposition 
drainage making the Director the Department Public Works 
the arbiter. The maintenance all new work cared for 
the contractor his sureties for five years from its completion. The 
manner, the times carrying the work and the force used 
construction are subject the approval the Chief Engineer. 

The general drainage plan this work shown Fig. 

The time for the completion the work was fixed the depart- 
ment four months from the date the order proceed. 

Bids were received August 30th, 1894, and September 4th 
and 5th contracts were executed, follows: 


Twenty-fourth St. and Pennsylvania Ave. System: 


Contractors. 

Contract No. 1.—Ryan $102 000 

No. 2.—J. Mundy Bro............. 138 000 
Callowhill St. System: 

Contract No. 1.—C. Grim Co................ 000 

No. 3.—John 000 

St. System: 
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The full specification has been placed file the Library the Society. 
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The order proceed with the work was given all contractors 
alike September 10th, 1894, and was directed that the work 
proceeded with, day and night. 

Detailed descriptions the work each contract follow. 

Twenty-fourth Street and Avenue System. No. 
1.—Located the line Powelton Ave., Twenty-fourth St. and Penn- 
sylvania Ave., from the Schuylkill River Station 88. Ryan 
and Kelley, Contractors. 

This contract extended from the Schuylkill River the foot 

Powelton Ave. the north and alongside old 8-ft. U-shaped 
sewer; passed, with very close clearance, under the tracks the 
Schuylkill River East Side Railroad (Baltimore and Ohio System) and, 
distance about 205 ft. from the outlet, changed 8-ft. twin 
sewer. the wharf, the elevation the inside bottom the invert 
7.5, Philadelphia City datum. This datum 2.25 ft. above mean 
high water and 8.52 ft. above mean low water the Delaware River 
Philadelphia. thus seen that the inside bottom the sewer 
only 1.02 ft. above mean low water. From this point, for distance 
about 150 ft., the sewer was constructed upon piles with yellow pine 
platform and masonry cradle. The details this section the sewer 
are shown Fig. about Station the sewer runs beneath 
old warehouse. Here, the piles were omitted and timber plat- 
form ins. thick was substituted. will seen reference 
Fig. the pile work was below low tide, and the excavation for dist- 
ance over 100 ft. from the outlet was through old wharf, making 
the use coffer diver was employed cut off 
the tops the piles after they had been driven, and the platform 
and cradle were placed position low tide, bulkheads being used 
wherever practicable facilitate the work. 

The U-shaped sewer was covered with steel and buckle- 
plates filled top with concrete. This construction was necessi- 
tated account the low level the railroad tracks crossing this 
point. will noticed reference the plans that the new main 
sewer Twenty-fourth St. ft. ins. diameter. This could not 
carried under the railroad tracks and preserve the required eleva- 
tion the inside bottom; hence, separating chamber, placed the 
intersection Twenty-fourth St. and Powelton Ave., and leading 
pair circular sewers ft. diameter, was designed. Where these 


q 


7 


4 


twin sewers passed under the tracks the section was again changed, 
noted above. The U-shaped portion the old sewer this line was 
retained from the old warehouse the outlet, and the new sewer was 
built the north it. 

From the point where the twin sewers commence, the end the 


separating chamber, the foundation was upon two layers 3-in. yellow 


pine plank laid angle 60° each other. From the separating 


chamber the north side Callowhill St. simple masonry cradle 
was used, and about this point the excavation was largely through 
rock. Just south Hamilton St. tunneling was started, and continued 
the end the contract Station 88. was entirely through 
rock, with the exception gravel pocket beneath Pennsylvania Ave. 
tunnel was also driven beneath Callowhill St. through soft material 
not interfere with traffic the street. 

The old sewer Twenty-fourth St. was ft. diameter, and was 
very old. There was heavy and constant flow sewage through it, 
and, owing the heavy grade, the invert many places was practic- 
ally worn out and washed away. several places, and for consider- 
able distances, there was brick work 


sewer was constructed essentially the same alignment the old one, 


but with much flatter grade. point near Hamilton St., 


was necessary carry the water during construction means 
flume wood, rectangular section and ft. square, constructed 
under the west sidewalk Twenty-fourth St., and remove the old 


sewer entirely, order build the new one. This flume extended 


from Hamilton St. about Station where discharged into the 
old U-shaped sewer. From Hamilton St. north, careful working, 


tunnel was driven, and the new sewer was constructed beneath the old 


one, which was active service. Several breaks occurred the bot- 


tom the old sewer, allowing the sewage fall into the workings 
beneath, but case causing injury loss life. Entrance the 
tunnel was obtained through four side-shafts with drifts into the main 
tunnel. These shafts were generally located the small cross streets 
off the line Twenty-fourth St. 


the total length main sewer constructed, ft., the 


length tunnel was 001.03 ft. Ingersoll-Sergeant drills with 


cylinders were used, fed with compressed air through 3-in. and 4-in. 
Service pipe from Ingersoll-Sergeant Class compressor with 
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capacity twelve drills. The compressors were supplied with steam 
from two H.-P. horizontal boilers. Ten hoisting engines and twelve 
pumps constituted part the contractors’ plant. 

The blasting for the flume, referred to, seriously damaged number 
houses the west side Twenty-fourth St., which were very 
bad condition previous beginning work. This damage was made 
good the contractor, under the terms bis contract. 


Progress making the excavation for the new sewer tunnel was 
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TYPICAL SECTION 


UNDERGROUND STRUCTURES 
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necessarily slow, account the dangerous proximity buildings, 
the old sewer and one 6-in. and two 48-in. water mains the street 
above the tunnel. Fig. section through the street, between 
Spring Garden St. and Pennsylvania Ave., which these structures 
were found. Work was begun September 10th, 1894, and was pushed 
vigorously day and night. The last sewer connection was made May 
6th, 1895. The photographs Plate XVIII were taken from the open 
and tunnel work this contract. 
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TABLE No. anp Prices 


Contract price, per|Total tunnel, 
Sizes and Shapes. fee feet. 

ft. diameter, U-shaped............ $47.78 

10ft. diameter with 12-in. pipe. 43.00 337.08 

ft. ins. 45.00 123.33 


Total contractors $92 42. 


Twenty-fourth Street and Pen Avenue System. Contract 
No. 2.—Located the line Pennsylvania Ave. from Station 
Thirtieth St. James Mundy and Brother, Contractors. 

This continuation Contract No. and completes the system 
making connection with the old sewer Thirtieth St. 
where crosses under Twenty-fourth St., ft. ins. diameter and 
gradually decreases size ft. ins., which the size the old 
sewer Thirtieth St. the total length main sewer this con- 
tract, 470.66 ft., the length tunnel was 878.02 ft. Access the 


tunnel was obtained through sixteen shafts, generally located where 


manholes wellholes occurred. Very little soft material was encoun- 


tered making the excavation, although frequent timbering 
isolated places was required, account the dip and seamy character 
the rock, which was mica schist very irregular character and 
hardness, some places being badly decomposed, even where ft. 
beneath the natural surface. the lower end the contract, the 
curve running west from Twenty-fourth St., the rock was unusually 
shppery when exposed the air, careful watching. Just 
west Twenty-eight St., the tunnel excavation passed through fill, 
formerly the bed old creek, and considerable difficulty was 
experienced making the timbering stable. 

From Brown Thirtieth St. the sewer was built open cut. 

From Twenty-fourth St. Fairmount Ave. the tunnel passed 
beneath large number dwelling houses and ice-manufacturing 
plant, the latter active operation and the former occupied. These 
structures were finally removed, upon the widening Pennsylvania 
Ave., and the sewer now the bed the street. With the 
exception breaking 48-in. water main, serious injury was done 
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the blasting. From Fairmount Ave. westward, the line the 
sewer generally distant from any buildings. 

Drills the Rand type, with 3}-in. cylinders, were used, and were 
fed with compressed air through and 8-in. service pipes from two 
Rand compressors with joint capacity thirteen drills. The com- 
pressors were supplied with steam from two H.-P. horizontal 
boilers. Seven hoisting engines and six pumps constituted part 
the contractors’ plant. 

Work was begun September 10th, 1894, and was pushed day and 
night. The last sewer connection was made April 16th, 1895. 
Plate XIX, shows the work tunnel this contract. 


TABLE No. Sizes Prices 


Contract price, per| Totallength, Length tunnel 

Sizes. lineal foot. feet. 
ft. ins. diameter............ $49.33 382.70 382.70 
ft. diameter............ 35.99 870.26 
470.66 878.02 


Total payment contractors: $126 496.15. 


Callowhill Street System. Contract No. 1.—Located the line 
Wood St., Twenty-fourth St., Powelton Ave. and Callowhill St. from 
the Schuylkill River Station Twenty-first St., with appur- 
tenant sewers Twenty-second St., Hamilton St. and Pennsylvania 
Ave., Grim and Company, Contractors. 

This contract the outlet and most difficult section the Callow- 
hill St. System. From point near Twenty-fourth St. the 
Schuylkill River, the sewer followed the line and approximately the 
grade the old Wood St. sewer, which about ft. diameter. 
Near the crossing the Baltimore and Ohio Railroad, the new sewer 
cut through part the old wharf referred the Twenty-fourth 
St. System. outlet, the elevation the inside bottom the 
invert 8.17, only 0.35 ft. above mean low water. 

From the outlet Station the sewer ft. ins. 
diameter with 18-in. arch, and constructed upon platform 
placed upon piles and with masonry cradle. The piles and plat- 
form extended about Station 40, where timber platform was 
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commenced. During the construction the new sewer the line 
Wood St. was necessary flume the sewage from the old sewer, 
and, the outlet, work only the lowest stages the tide. 
was impossible place bulkheads any point prevent ingress 
the tide, account the structure the old wharf. 

the southeast corner Twenty-fourth St. and Powelton Ave. 
the sewer approaches very closely the three-story brick building 
Bement, Miles and Company, used store house for patterns 
machine tools, and, account the admittedly bad character the 
foundation under the walls this building, was not considered 
advisable proceed with the excavation without first underpinning 
the building. supplementary contract was therefore made with 
the contractors for this underpinning. 

The special specifications prepared for this work required the exca- 
vation made sinking shafts, not adjacent each other, and 
shoring the sides carefully where necessary. All loose imperfect 
stones the bottom the old foundation were required re- 
moved, until such portions the same were reached were com- 
pact and the stones large size. the center each section 
(generally ft. long), and under the prepared bottom the founda- 
tion wall, timber long-leaf yellow pine ins. section 
was placed and firmly wedged with iron steel wedges. 
The space around the timber and under the wall was filled with 
masonry stone with specially flat beds (the stone from Consho- 
hocken, Montgomery County, Pa., was specified), laid Portland 
cement mortar, mixed the proportion part cement part 
This masonry was required wedged firmly that 
space was left for settlement. 

The excavation was carried down through river mud and sand for 
distance ft., and was stopped bed compact gravel below 
the bottom the excavation required for the sewer. bed con- 
crete about ft. wide and ft. deep was laid footing course. The 
building thus underpinned contained number cracks previous 
the operation, but new cracks were started, nor were any the 
old ones increased size. The price paid for the underpinning, in- 
cluding the excavation and all appurtenances, was $18 per cubic yard. 

the line Powelton Ave., the excavation was open cut 
through bed gravel far Callowhill St., where tunnel was 
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driven beneath this street and Twenty-third St. order keep the 
streets open travel. While driving this tunnel, and the line 
Twenty-third St., old sewer, about ft. diameter, was encount- 
ered, which there was record the city drainage plans. This 
sewer carried very large volumes water certain hours the day 
when the dye mills the vicinity emptied their tanks. This caused 
the contractors much annoyance and expense maintaining the flow 
the sewage. From Twenty-third St. point west Twenty- 
second St., the excavation was open cut, the contractors using, 
this section, Carson sewer-trench machine. second unrecorded 
sewer, running diagonally beneath the adjacent houses, was cut about 
the middle this block. The volume water carried it, however, 
was very small and was easily cared for. From point just west 
Twenty-second St. Station 19, the end the contract Callow- 
hill St., and the end the appurtenant sewers Twenty-first 
and Hamilton Sts. and Twenty-second St. and Pennsylvania Ave., 
the excavation was made tunnel, with the exception short 
length Twenty-first and Hamilton Sts. The tunnel was entered 
means eight shafts located off the main streets. 
The total length the sewers this contract was 094.61 ft., 
which the length constructed tunnel was 751.87 ft. Under 
Callowhill St. the tunnel was soft ground, the remainder was 
through rock varying degrees hardness. Drills the Ingersoll- 
Sergeant, Rand and Kerner types, with 3-in. cylinders, were used. 
They were fed with compressed air through 4-in. service pipe from 
Blake duplex compressor with capacity eight drills. The com- 
pressor was supplied with steam from two vertical boilers with 
combined horse-power 70. The contractors had use four hoist- 
ing engines and ten pumps. 

The contractors this section did not prosecute their work 
rapidly they should, and, they finished their brick work, they 
failed plaster the inverts curves required the specifications. 
consequence, they were compelled care for the full flow the 
sewers the contracts above them, and plaster the inverts and main- 
tain the flow the sewer the same time. order accomplish 
this, longitudinal the full length curve, was constructed, 
shown section Fig. Bulkheads sand bags were then built 
each end the flume the spaces shown the smallest shaded 
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area, and the flow sewage the returning tide made pass be- 
neath. The smaller segment the invert, being free from water, was 
then plastered. soon the plaster had set,the bulkheads were 
removed and placed the spaces shown the largest shaded area, 
and the flow made rass top the flume. The larger segment 
was then plastered. After the flume was removed from the sewer, 
the spaces the invert occupied the framing were plastered 
low water, they being purposely arranged above water 


low tide and ordinary stages the the sewer. During its 
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use the flume was endangered two severe rain storms. Sufficient 
warning was given, however, enable men enter the sewer and 
remove the bulkheads throwing the sand bags the bottom, 
thus reducing the obstruction minimum. damage resulted 
either case. 
The plastering upon brick over which sewage had been running 
was piece work which required great care and skill, order 
make good finish. some cases, where the ground-water was 
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large amount, weep holes were made through the brick. such 
places, the bricks were thoroughly soaked with water, and there was 
considerable trouble making the plaster adhere. cases, the 
grease from the sewage interfered with the proper adhesion, and had 
burnt off with plumber’s blow-pipes. Experience with the condi- 
tions soon resulted very satisfactory piece work. quick-set- 
ting neat cement, worked dry possible, being used where the 
amount water the brick was greatest. 

Work was begun September 10th, 1894, was pushed vigorously for 
few months, and then carried dilatory manner. The last 
sewer connection was made November, 1895, and the plastering 
the inverts was finished February 26th, 1896. 


Contract Total length, Length tunnel 

Sizes and shapes. per lineal foot. infeet. 

13}-in. arch...... 26.75 1 244.24 | 196.00 
17.25 250.00 | 95.50 


Total payment contractors: $80 342.75. 


The ft. ft. 8in. egg-shaped sewer was not constructed, 
account its close proximity the north wall the which 
had excavated rock immediately adjacent. was omitted, 
therefore, this contract, and constructed after the excavation the 
tunnel wall was made. 

Callowhill Street System. Contract No. 2.—Located the line 
Callowhill St., from Station Twenty-first St., Station 
Seventeenth St., with appurtenant sewers Seventeenth, Eighteenth, 
Nineteenth and Twentieth Sts., George Ruch, Contractor. This 
was continuation Contract No. and was the middle contract 
the system. 

The whole the 953.20 ft. sewers constructed this contract 
was built tunnel, access the headings being obtained through 
twelve shafts. western end the line, the tunnel was driven 
through rock, and very little timbering was required. From 
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Station point near Nineteenth St., the excavation was through 
rock which decreased hardness the work progressed toward the 
east. Rock was encountered Twentieth St., that under Pennsylvania 
Ave. being specially hard. the other hand, the sewer Seven- 
teenth St. was driven through micaceous sand, very slippery and 
dangerous handle, and requiring close sheathing the headings, 
The most serious accident the work occurred the Callowhill St. 
sewer, where passed under the old high-level sewer Nineteenth 
St. occurred this point, caused insufficient timbering, 
the sewage from above filling the entire workings below. There was 
also trouble Callowhill St., between Twentieth and Twenty-first 
Sts., blasting. The blasts were severe affect the ad- 
justment machine tools the shops Messrs. Bement, Miles and 
Company, immediately adjoining the line the sewer, and spoiling 
some work which was the machines. After several cautionary 
orders, the Department was compelled direct the detailed operations 
firing the charges, and, result, the contractor, the termina- 
tion the work, sued the city for damages resulting from the issuance 
such order. The suit was entered the contractor the sum 


$57 377.46, afterward revised, agreed upon counsel, 
$52 785.16. The suit was tried November, 1897, and was interesting 
account the testimony expert nature, presented the con- 
tractor show that the chief engineer had exceeded his authority 
issuing orders directing the manner which the blasting was 
done, when special method was specified. The court ruled that 
the chief engineer had the right issue such instructions they were 
reasonable. 


Testimony the city show that the progress 
made driving the tunnels was great after issuing the order 
had been before. this testimony could not refuted, the case was 
settled, and verdict 705.13 was awarded the This 
verdict meant practical victory for the city, represented retained 
moneys and interest the same held the city, pending the settle- 
ment the case. 

Drills the Ingersoll-Sergeant type with cylinders were 
used. The compressed air was supplied through and 5-in. 
service pipes from Norwalk single compressor, with capacity 
twelve drills. The compressor was supplied with steam from two 
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H.-P. vertical boilers. addition this machinery the contractor 
had use five hoisting engines and five pumps. 

Work was begun September 20th, 1894, and the last sewer con- 
nection was made June 3d, 1895. Fig. Plate XIX, shows the sewer 
construction tunnel Callowhill St., between Twentieth and 
Twenty-first Sts. 


| | 
Sizes and shapes. lineal foot. nel, feet. 


Total payment contractors: $69 662.71. 


Callowhill Street System. Contract No, the line Cal- 
lowhill St., from Station Seventeenth St., Thirteenth St., 
and Thirteenth St. from Carlton St. Buttonwood St., with ap- 
purtenant sewers Fifteenth and Sixteenth Sts. John McCann, 
Contractor. 

The total length sewers this contract was 467.97 ft., 
which the length constructed tunnel was 060.97 ft. Access was 
obtained through nine shafts. considerable portion the sewer 
Sixteenth St., and the main sewer Callowhill St. from east Six- 
teenth St. Station 38, was rock; the remainder the work was 
through soft material, much being slippery micaceous sand, 
comparatively free from water. While the department would have 
allowed open cutting east Broad St., account the soft character 
the material, and because the depth the sewer was not very 
great, the contractor elected built the sewer tunnel, and made 
very satisfactory progress, and without accident. 

account the grade Thirteenth St. being changed materially 
the plans the subway, was deemed inadvisable the depart- 
ment dig the street and construct the sewer the time the rest 
the sewer work was being done, account the double incon- 
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venience the public. 
fore, under this contract. 


work was done Thirteenth St., there- 


The contractor had power drills compressors the work. 
All the drilling was done hand. 

Work was begun September 10th, 1894, and the last sewer connec- 
tion was made May 18th, 1895. This connection was delayed, ac- 
count the failure the contractor Contract No. complete 
his tunnel the upper end his section. 


TABLE No. 5.—Lenerus, AND Prices 


Contract price Total length tun- 
Sizes and Shapes. per lineal foot. nel, feet. 


11.00 not built. not built. 

ft. ins. by. egg-shaped...... 5.75 not built, not built. 


14,35 


060.97 


Total payment contractor: $35 976.81. 


Twelfth Street System.—This contract extends Twelfth St., But- 
tonwood St. and Thirteenth St., from Carlton St. Whitehall St. 
John McCann, Contractor. 


The sewer this system was near the surface the street and was 
constructed entirely open cut. There were points special 
interest connection with it. 

Work was started September 10th, 1894, and the connection the 
old sewer was made December 29th, 1894. 


TABLE No. 6.— LENGTH, AND Price 


Size. Contract price, per lineal foot. Length. 
| | 


ft. diameter. 398.00 


Total payment contractor: $22 823.49. 
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TABLE No. 7.—Prices Frxep SEWER CONTRACTS. 


Additional rubble masonry place, per cubic yard, 


including all $4.50 

Additional brick masonry, place, per cubic yard ..... 9.50 

Additional manhole with cover, without 

Additional wellhole, per vertical 5.00 
Each inlet with cover grating, follows: 

Additional terra-cotta pipe not concrete, per lineal foot 1.10 


TABLE No. SEWER 


No. 1 8} 3094.61| 1 751.87 80 342,75 


GENERAL SEWER 


Except Twelfth Buttonwood St. and Callowhill St. west 
Twenty-second St., provision was made the sewers for house 
connections, account the depth the main sewer beneath the 


street. Where was necessary provide for such connections, 


auxiliary pipe sewers were constructed higher elevation, and 
these emptied into the deep sewers through wellholes suitable 
intervals. 

many cases, where high-level sewers existed already, was pos- 
ible maintain them with their house connections intact building 
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the new sewer tunnel and not disturbing the surface the street. 
Where was necessary give both old and new sewers the same 
alignment, side shafts were sunk, the old sewer was carried across 
the shaft flume during construction. Wherever practicable, the 
shafts were sunk where manholes were required, thus accomplishing 
double purpose. 

The details manholes, wellholes, etc., are shown Figs.8 11, 
which explain themselves sufficiently. 

Plate shows the weekly progress made excavation tunnel 
and open cut the Twenty-fourth St. and Pennsylvania Ave. System, 
and Plate XXI shows the weekly progress made laying the brick 
work the same system. this work was pushed rapidly, the data 
may prove interest. Work was always carried the tunnel 
excavation practically night. Brickwork was only laid day. 


ENGINEERING. 


Under the ordinance authorizing this work, the Director the 
Department Public Works, who has supervision the Engineer- 
ing Bureaus the City, authorized and directed appoint such 
assistant engineers, draughtsmen and inspectors may necessary 
for the efficient execution the works. 

The work was placed charge George Webster, Am. Soc. 
E., Chief Engineer, Bureau Surveys, which Bureau has jurisdic- 
tion over such work, under the Department Public Works. Mr. 
George Datesman the Principal Assistant Engineer this 
Bureau. 

June, 1894, Samuel Tobias Wagner, Am. Soc. E., was 
appointed First Assistant Engineer charge the work, and Mr. 
Charles Swan, Chief Draughtsman. Mr. Swan had for some time 
previously been engaged upon the preparation the plans. 
August, 1894, Mr. Richard Ashbridge, was appointed Second 
Assistant Engineer the work construction the 
sewers. Mr. Charles Ott, with corps assistants, was dele- 
gated assist giving lines and grades. 

Owing the difficulties giving the lines and grades this 
work, and the rapidity with which was carried large number 
points the same time, and account the uniformly good 
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results obtained, the greatest credit due the engineers the 
field. 

Under the ordinance, the Director the Department Public 
Works was directed confer during the progress the work with 
engineer appointed the Philadelphia and Reading Railroad 
Company, regard carrying out the specifications and securing 
the proper performance the contracts. March 30th, 1894, the 
late John Wilson, Am. Soc. E., was appointed Consulting 
Engineer represent the Railroad Company. After Mr. Wilson’s 
death, which occurred January 19th, 1896, Joseph Wilson, 
Am. Soc. E., was appointed Consulting Engineer. Mr. John 
Wilson was closely identified with the preparation the studies and 
the details the work, with special reference the railroad interests. 
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THE ALBANY WATER FILTRATION PLANT. 


Discussion.* 


and 


Am. Soc. E.—Two filters were put Mr. Bailey. 
service July 27th. Four more were started July 28th. All these 
ran until August 9th, and three them continued until August 12th, 
They were started with the hope continuing, but the conditions 
were unfavorable that the water was pumped direct the filters, 
the sedimentation basin was not ready for use; the court between 
the filters, which scraped sand was deposited, washed and 
stored, was neither leveled nor paved; and the water the river was 
roiled and disturbed the contractors’ operations, and particularly 
with the wash-water from the sand being prepared for the remaining 
two filters. the filters was, therefore, stopped and not 
again commenced until September 5th, since which time their opera- 
tion has been continuous. 


*This discussion the paper Allen Hazen, Assoc. Am. Soc. E., printed 
the Proceedings for November, 1899) printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
for publication, Proceedings, Vol. xxv, 


mmunications this subject received March 30th, 1900, will printed 


later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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Mr. Bailey. Cost OPERATION. 


The work was organized follows: 


Filter operation: per day. 
2.75 
1000.00 per year. 
Pumping Station: 75.00 per month. 


The working day eight hours for laborers, engineers and fire- 
men, and over-time paid for ratesnamed. Occasionally, extra 
help has been hired, and paid for these rates. 

The gross cost operation, including payroll, tools which are 
still use, repairs, supplies all kinds, wash-water, etc., 
for the period from September 5th December 25th, inclusive, 
118 days, was $6164.94. this time 1470000000 galls. were 
filtered, making average $4.19 per million gallons delivered 
from the filters. 

The master mechanic the works gives the following statement 


from his records, the daily cost the pumping station: 
galls. cylinder oil....... 0.22 
galls. kerosene oil .............. 0.50 

Steam packing, sheet rubber, soap, soda, mops, 


This makes the average cost pumping $2.52 per million gallons 
received from the filters, and leaves $1.67 the cost operating the 
filters, including laboratory work. The cost scraping, wheeling 
out, washing and replacing sand for the actual number hours, and 
exclusive superintendence, laboratory work, lost time, tools, etc., 
$1.19 per million gallons treated. 
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AND WHEELING SCRAPED 


little more than three times each. The total amount sand 

treated, measured when replaced, was yds. books 

the foreman, the following records are taken: 


| 
SERVICE. ScRAPING. WHEELING 
filtered. 
error.) quare 
Hours Hours. Hours. Barrows. 
| 

312.70 826 000 109 007 

618.70 263 000 836 

The filters have been cleaned times all, December 25th, 


Scraping.—88 452 sq. yds. 18.3 acres; time, 1227 hours 
hours per acre. 

Wheeling Out Scraped Sand.—23 180 barrows, 235 hours 27.3 
barrows per cubic yard 0.38 cu. yd. per hour. The average length 
wheel, going and coming, was 600 lin. ft. miles per man per hour. 

Washing.—18 262 barrows, 2068 hours, 21.5 barrows per cubic 
yard 0.41 cu. yd. per hour. 

From experiments made John Gregory, Jun. Am. Soc. E., 
who was Resident Engineer for Mr. Hazen during the completion 
the work, the speaker informed that the volume water for washing 
the sand varied from times the volume sand washed. 
the cost operation the volume has been estimated 15, cost 

$0.04 per thousand gallons. 

Refilling.—18 550 barrows, 630 hours, 21.8 barrows per cubic yard 
0.52 cu. yd. per hour. This work was chiefly done extra labor. 
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The average depth scraping was about computed from the Mr. Bailey. 
total quantity sand replaced and the area scraped. 


During the periods covered these scrapings, the filters yielded 
212 000 000 galls., average 600 000 galls. per acre between 
serapings. This includes the first.run the filters, when the un- 


naturally turbid water already mentioned was pumped directly the 
beds. 


Table No. shows the weekly averages the bacterial removal: 


TABLE No. 
CENTIMETER. 
Unfiltered. Filtered. 

545 608 94.8 
088 97.8 
480 98.5 
600 259 98.8 
766 250 98.7 
117 178 98.5 

99.1 

98.4 

091 99.1 

141 99.1 

99.1 
090 99.3 
240 109 99.4 
016 198 99.1 
700 142 99.7 
000 327 99.5 
940 215 99.6 


Table No. shows detail the result obtained from each filter 
each day. will noted that the percentage removal high, and 
that the bacterial count the filtered water low. 


The average color the Hudson River water corresponds 0.50 


0.60 the platinum scale, and about 40% this color removed 
from the water the filters. 


TURBIDITY. 


periods freshet the water very turbid. The highest tur- 
bidity reached since the operation the filter was December, when 
the raw water showed 0.60. The effluent then contained 0.008. Gen- 


erally the raw water runs about 0.035, all which removed. The 
platinum-wire standard used. 
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FEVER. 


The reason for building the filters was the sewage pollution the 
Hudson River and the large death rate from typhoid fever. The 
average number deaths from this cause for the nine years ending 
with 1898 was the four months which the 
filters have been operation seven deaths from this cause have been 
reported. For the corresponding months the nine years ending with 
1898 the average number has been 24. The deaths from this cause 
have thus been reduced the ratio and one these seven 
was family which did not use city water. 


Am. Soc. E.—It has occurred the 
speaker that would interest the members few words were added 
concerning the details construction, the Albany Filter Plant, 
which present special features. 

The sedimentation basin situated close the river bank and lies 
almost wholly embankment above the natural surface the ground. 
The embankments were constructed the best available materials, 
and with great care, minimize any effects after-settling; but, 
for tightness, reliance was placed 16-in. layer puddle, which 
covered the entire bottom the basin and extended the sides 
ft. above high-water level. For distance ft. below high-water 
level, below the lowest level which the basin likely 
drawn winter, the puddle set back ft. ins. from the face 
beyond injury from frost, and covered with layer 
gravel and ins. blue limestone paving. all other places the 
puddle faced with ins. concrete, prevent mechanical injury 
its surface and present easily cleansed and smooth surface for 
the interior the basin. 

The materials the puddle were equal parts clay and sandy 
gravel containing about 40% sand and 60% gravel all sizes about 
diameter. Clean gravel size from in. was tried, but 
was not success. These materials were mixed con- 
tinuous mixer, such often used for mixing concrete, water being 
added and the mixing continued until all the clay lumps were softened 
and the clay had penetrated thoroughly all the interstices the gravel. 

this plastic condition the puddle was placed position 6-in. 
layers over larger surface and left dry out. the process 
drying, large number shrinkage cracks appeared throughout the 
mass, but thorough ramming these cracks were closed and the 
entire mass consolidated. This process was continued for each the 
three layers. The idea was, that with the shrinkage cracks closed and 
the excess water removed, there was further tendency shrinkage, 
and any water then entering the puddle would expand and close any 
remaining cracks. Some this puddle stood uncovered 
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slopes for over year, exposed rain and frost, but cracking Mr. 


deterioration any kind was noticed, and remained hard hard- 
pan earth. 

The paving the upper sides the sedimentation basin blue 
limestone blocks, rather larger than the usual size, being about 
ins. deep, ins. long and ins. wide. Twomasons and 
one helper together would lay about sq. yds. per day, and the labor 
cost laying the stone and gravel, including the teaming the mate- 
rials about 800 lin. ft., was $0.72 per square yard. 

The gravel used the joints and under the paving was the waste 
from the filter-sand screen. was perfectly clean, sizes from 
in., the largest amount being about in., and made ideal 
material for the purpose. 

The piping about the filters and sedimentation basin was all 
light-weight cast-iron pipe, with hub and spigot, lead-caulked joints. 
The entire system was laid the same time, the trenches and all bell 
holes being left open, and the joints made water-tight under hydro- 
static pressure Ibs. per square inch, before making any refill. 

All the concrete used the floors, walls and vaulting, amounting 
100 cu. yds., was machine-mixed, especial care being taken with the 
mixing and placing. mixed sand and gravel was obtained from the 
river dredging, and was brought and deposited near the mixers, 
and then washed and screened into three sizes—sand, gravel and tail- 
ings. The sand was very good quality, sharp and clean. The 
gravel was irregular, smooth-edged stone from ins. dia- 
meter, but varying greatly average size from day day, some- 
times fine and sometimes coarse. The tailings were passed through 
stone crusher and broken sizes ranging from ins. 
diameter. 

Mechanical analyses the sizes these three materials were made 
daily oftener, and from these analyses the proper proportions 
mixture the three give minimum number voids was deduced. 
The total quantity the three materials used with unit quantity 
cement was always constant, but thus varying the proportions 
the ingredients themselves, very uniform concrete product was 
obtained, independent the variation the average size any parti- 
cular ingredient. The proportions ordinarily followed were part 
cement, parts sand, parts gravel, and part crushed stone. 

The mixing was done cubical mixer, which measured quan- 
tity water could introduced after the materials had been thor- 
oughly mixed dry. With the apparatus used Albany, the con- 
crete was always mixed properly and the right consistency; half 
hour’s attention it, when starting, insuring uniformity for all day 
unless there were great weather changes, which case the quantity 
water had changed more frequently. 
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The the concrete from the mixer and its deposi- 
tion place the work, which had been described the author, 
was ideal, from engineering point view. From the time taking 
the concrete from the mixer until was put place 800 ft. distant 
the interval minutes was not uncommon, and the average time 
did not exceed minutes. 

The cost labor and coal for measuring quantities, and mixing, 
loading, transporting and tamping concrete, during average 
about three months the best organization, was about follows: 

Measuring, mixing and per cubic yard. 
Transporting rail and cables.... 0.12 
Laying and tamping vaulting... 0.14 
Laying and tamping floors and 

walls, including setting forms... 

These prices not include general superintendence, profit 
cost machinery. 

The design the vaulting, has been stated the author, 
the form elliptical groin with dimensions follows: span, 
ft.; rise, ft. thickness crown, thickness over center 
pier, ft. 6ins. This work was figured for strength according 
the theory the arch, assuming that brick masonry and concrete 
spandrel filling were used. The material actually used was 
Portland cement concrete laid monolith with the pier the 
center, and, thus constructed, exceedingly doubtful there 
any arch action whatever the structure. From recent observations 
and from some tests made small models the speaker believes that 
such groined arch acts tension inverted pyramidical dome. 
this the case, the depression over the piers could increased 
materially and the cost the vaulting reduced. Evenas constructed, 
the adoption the 6-in. depression over each pier saved 053 cu. yds. 
concrete, which would have cost 560 contract prices. 

The speaker wishes controvert impression, which seems 
prevalent, that permanent masonry vaulting very expensive, several 
recent estimates placing the cost covered filters from 50% 
excess the cost open filters. The total extra cost the 
vaulting Albany, including extra thickness floors, piers, roof 
drains, manholes, sand-run entrances, earth covering, etc., the 
contract prices, was approximately $0.315 per square foot area 
inside the walls, $13 700 per acre, while the total cost the filters 
was about $45 600 per acre; that is, the vaulting represents only about 
30% the cost the filters. 

The lumber the centering for the vaulting was spruce for the 
ribs and posts, and hemlock for the lagging, which was and ins. 
wide and thick. The entire centering for two filters was formed 
machinery, the ribs put together template, and the lagging all 
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sawed proper lengths and bevels. For the first two filters the centers Mr. 
were put together place, and were constructed that when struck 
they would come down sections and could moved forward and 
used the corresponding bay the next filter. 

The total cost the centering was approximately follows: 
Building centers covering 560 sq. ft. 


Labor— 
Foreman, 435 hours, 162.25 
Painters, 577 86.55 
Teaming, 324 121.60 
973.87 
Materials— 
Lumber, 313 000 ft., M........ 700.00 
Nails, 700 111.00 
835.00 
808.87 
Taking down, moving and putting 
centers covering 196 660 sq. ft. 
Labor— 
Foreman, 359 hours, $0.35... ...... 825.65 
Materials— 
Lumber, 000 ft., M........... 
$150.00 
Total approximate $15 438.17 


The total area centered was 259 220 sq. ft., and the average cost per 
square foot was cents, which should added general superin- 
tendence and reasonable profit. 

bearing upon the need covering, for protection against 
frost, the following records for Albany are quoted. The temperature 
the air varies from 98° 18° Fahr. per annum, the average 
temperature for the year being 45° Fahr. These figures are the 
result years’ observation the local weather bureau. The river 
frozen over from December 16th March 19th, average length 
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longest time any one season which the river has remained frozen 
over was 117 days. 

There are other advantages, besides the prevention the formation 
ice, which enable the covered filter operated lower cost 
for maintenance than the open filter, few which are follows: 

preventing the formation growths. 

maintaining the temperature the water practically even, thus 
keeping the friction the sand constant, maintaining uniform 
conditions, improvement the filtrate results. 

preventing the action the heat and the direct rays the sun 
summer from baking the surface during the operation scraping, 
thereby occasioning the removal greater thickness sand. 

keeping the surface from disturbance wind and thus allow- 
ing more efficient sedimentation. 

preventing the fall rain the surface during cleaning, which 
causes compacting the surface and necessitates re-raking. 

preventing the fall snow the surface during cleaning, 
which causes the removal greater thickness sand. 

preventing the increase cost working sand containing 
leaves and alge growths. 

admitting uninterrupted scraping the filter during all 
kinds weather. 

the extra cost vaulting only about $13 700 per acre, which 
added knowledge can possibly reduced $10 000 per acre 
another plant, and which amount interest represents only $300 
$400 per year, seen that many places other considerations 
besides that protection from ice would lead the use covered 
filter beds. 


Assoc. Am. Soc. E.—The construction the 
filters Choisy-le-Roi, near Paris, interesting. Some the walls 
the filters are very thin, being only 2.4 ins.; and their construction 
with what termed the United States ‘‘expanded metal” and con- 
crete has been quite satisfactory. The company which operates these 
filters has built filter beds 120 ft. square, and others ft. square. 
They found the smaller beds better for solidity and also because the 
greater convenience cleaning. 

the Albany plant the sand-washing apparatus not covered. 
The speaker supposes that the intention have covered, order 
that the washing the sand may not delayed freezing weather. 

The provision made for preventing the raw water, which may 
down through along the retaining walls, from mixing unpuri- 
fied state with the filtered water, interesting. would seem better 
that such provision made the top the sand bed instead 
the bottom. 
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Am. Soc. E.—The paper completely what Mr. Hill. 
should be, describes completely the way which the work was 
done, its cost and its effect, that the speaker does not wish under- 
stood offering any criticism calling attention few details 
wherein the cost the work might have been reduced, without any 
way impairing its efficiency. 

Referring Fig. might well note that 8-in. beams are too 
shallow used with projection ft., they would apt 
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deflect much crack the concrete, admitting moisture and there- 
fore hastening decay. beams used the grillage would 
have had five times the strength, with but two and one-half times the 
weight, would have had practically deflection, thicker section 
resist rust, and, being spaced wider, would have given more room 
pack the concrete between them. 


The steel track used the speaker, and described previous 
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Mr. Hill. 


paper,* would have been particularly applicable for the handling 
dirty sand, mentioned page 768, and would have been found 
inexpensive. The speaker has used for coal and ash tracks carry- 
ing loads 500 very satisfactorily. 

The principal feature wherein saving could have been effected 
was the floor and covering the filtration basins. the time 
when estimates were being made, one the prospective bidders con- 
sulted with the speaker regarding the construction proposed and was 
advised suggest the plan shown Fig. 17. 

probable that the lack any published data regarding the 
action steel and concrete combination, and especially the lack 
knowledge regarding the resistance continuous slabs supported 
number points, lead, measure, the rejection this advice, 
ever was presented the bidder. Numerous experiments made 
the speaker confirm him the belief that the carrying capacity 
them, for portion the slab included between one set supports 
four times great that ofa slab the same sectional area and 
dimensions supported two opposite edges, or, for the sections pro- 
posed, 650 lbs. per square foot safe working load. 

The relative costs for one bay are follows: 


executed: 


proposed: 
cu. yds. roof slab, supporting column, floor and 


Saving per cent. 


will observed that the centering far more simple, and the 
placing the concrete less costly. The ramming the concrete 
could done with roller instead hand, thus effecting fur- 
ther saving. None these points have been taken into account 
the above comparison. The capacity the filter could have been 
increased raising the upper limit the filling the cost decreased 
reducing the height the pier and decreasing the depth the 
excavation. 


Transactions, Am. Soc. E., Vol. xxxix, 620. 
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Am. Soc. E.—There appears some mis- Mr. Miller. 


apprehension the cost concrete. The author states the price 
per cubic yard paid the contractor, but the City Albany furnished 
the cement. The cost mentioned Mr. Hill, for the construc- 
tion the filters, exclusive the cost cement. The author 
culates that bbls. cement per cubic yard were required, and this, 
per barrel, would add $2.42 the cost yard. This 
must borne mind when examining the estimates. These ques- 
tions, however, details costs, strength materials, etc., can 
readily answered. 

The speaker has heard that the Board Health New York City 
has stated that eventually the whole the Croton water supply, some 
300 000 000 galls. per day, must filtered. The handling such 
large quantity will very serious question. The speaker now 
considering the filtration supply 60000 000 galls. per day, and 
glad listen those who have had some experience these matters. 

Information needed methods examining water, the 
quantity thickness sand required for filtering, the rate 
filtration, and Mr. Hazen’s paper very instruetive regard 
these matters. 

Mr. Bailey’s statements reference the percentage bacteria 
removed are interesting, though the speaker does not believe 
expressing the results that way. For instance, even though 95% 
the bacteria may removed filtration, yet, possibly 700 bacteria 
come through, and thus the percentage method misleading. 

The cost the filters per acre important item. From the 
statements cost the paper found that this was about $45 600. 
the recent report the Board Experts the water supply 
Philadelphia, the cost stated about $37 000 per acre. the dif- 
ference cost due the used covered and open filters? Ifso, what 
the estimated cost the vaulting per acre? 


Am. E.—Albany has raw water mr. Hering. 


supply, well the filtered supply, and these two supplies are 
mixed and stored open reservoir. Mr. Bailey’s statement 
reference the reduction the typhoid fever death rate applies 
the mixed waters. this death rate should not reduced much 
other cities thé filter should not debited with the discre- 
pancy, because raw water added the filtered water, and because 
both are stored open reservoir exposed the air, dust, and 
other aerial contamination. 

Philadelphia proposed cover all filters and reservoirs 
containing filtered water. The difference between the cost the 
Albany filters and the estimated cost the Philadelphia filters, 
due the difference the prices some the materials, and some 
parts the design. Otherwise there difference. 
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Mr. Fuller’s description the details construction 
interesting and valuable. has pointed out very clearly the advan- 
tages having covered, rather than open, filters, and the probable 
additional cost thereof. has also pointed out the advantage 
batter the sides prevent the formation seams which would 
allow raw water pass through the filter more rapidly than permis- 
sible. expedient which further helps prevent undue speed 
the percolating water through the larger interstices necessarily 
formed between the sand and the smooth surface the adjoining 
wall, the transformation this smooth surface into sanded sur- 
face. This done simply first painting with cement and then 
throwing sand against it. The sand, which sticks when the cement 
hardens, prevents the formation interstices excessive size. 


Dr. the removal the taste odor pro- 
duced the discharges from gas works, the Albany plant has failed, 
and this, any plant must, necessity, fail. There have been many 
complaints Albany relation this matter, and the best way out 
the difficulty seems arrange with the gas company not 
put any their waste products into the water. 


TABLE No. Costs OPERATION FILTERS 


Costs are based upon 8-hour day $1.50. 


Cost. 
Timein 
Items. man-hours 
ilters. per acre. million 
gallons. Per acre. 
dirty sand into piles........ 61.1 $11.45 
Wheeling out dirty sand and leveling 
Washing sand, back 
filter and leveling the 
(New River.)| costs $13.39 per acre, with labor 
$0.93 for or, based 
8-hour day 144.0 27.00 
Scraping and wheeling sand sand- 
(Southwark washer costs $38.00 per acre, with 
labor $0.95 for or, based 
and wheeling out dirt sand 
costs $10.44 per acre, with labor 
$0.60 for or, based 
S-hour day $1.50 174.0 82.62 
mean cost for filter management 


during years has been........ 
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The speaker, being interested the subject, has made some experi- 
ments reference this flavor The English plan filtration 
was failure, likewise the mechanical filters; but the speaker has 
found that, after the water had been treated mechanical plant, the 
difficulty was overcome passing the water through carbon. The 
simplest way, however, prevent the gas material from entering 
the water. 

The figures Table No. reference the operation filters, 
have been arranged such manner facilitate comparison with 
the cost operating some the European filter plants. 


Esq.* (by letter).—The writer has had ex- 
perience the operation covered filters, and, therefore, cannot 
certain that there are not difficulties their operation unknown 
him. Judging, however, from his experience the use open 
filters, would appear that the usual hindrances successful opera- 
tion had been entirely removed the construction the Albany 
plant. Indeed, would seem that the only difficulty appre- 
hended the operation the plant would the tendency place 
undue reliance upon the automatic appliances which, however perfect 
and complete, require watching. one accustomed battle with 
atmospheric conditions operating open filter plant this lati- 
tude, the supervision such plant would seem 
pleasant pastime. 

ordinarily understood that the chief object attained 
covering filter obviate the difficulties and expense arising from 
the action frost, and this possibly may the chief, but 
means the only, object sought, least dealing with water 
having the characteristics the Hudson River water Poughkeepsie. 
The growths the sand summer are quite troublesome 
and almost expensive ice and frost winter. Like ice, they can 
develop unlimited area the same time small unit, and 
will stop filter and put out service just when should other- 
wise doing its best work. Covering, described this paper, will 
prevent the development entirely. During the summer 
1899 the filters Poughkeepsie were scraped six times, from May 
October 10th, cost about $70 for each scraping. Had not 
been for growths, three scrapings that period would have been 
sufficient. The cost the extra scrapings necessitated the 
growths, together with the cost washing and replacing the addi- 
tional sand removed, amounted 1899 more than the cost 
removing ice. 

There still another evil incident open filter the hot 
months. essential the proper working filter that, scrap- 
ing, little sand possible removed, and that the depth removed 
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Mr. Fowler. nearly uniform over the entire area possible, about in. being 


the ordinary depth. the hot months, after filter has been use 
for two three years, the surface the sand, when exposed for 
scraping, and thus subjected the rays the sun, will bake, the 
cases, 2ins. frequently happens, therefore, that commencing 
scrape the morning the normal thickness will removed, 
but before the work finished, account the action the sun 
the exposed surface, may necessary remove three four times 
the normal thickness, thus lessening the efficiency the bed and 
largely increasing the expense scraping. The writer, therefore, 
from his experience, would urge the covering filters any climate, 
particularly for river waters similar those the Hudson. 

From the writer’s experience essential that filter should al- 
ways filled, short distance above the sand surface, from below. 
seems impossible admit current water the dry sand 
not wash furrow it, and even after filling, the escape the con- 
fined air greatly disturbs the uniform compactness. The writer, there- 
fore, notes with pleasure the completeness the arrangement for 
filling the Albany filters from below. 

The writer the opinion that the single filters the Albany 
plant have great area can operated with economy and effi- 
ciency. However great the plant installed, should com- 
posed units greater area than those described. Units 
lesser area may used where desired; indeed, the writer’s 
opinion that plant, however small, should composed 
four distinct units equal area, combined the plant under 
consideration. 

The quantity gravel used appears have been reduced mini- 
mum. This rendered possible the concave form the bottom. 
may, however, questioned the depth over the collecting pipes, 
ins., sufficient insure, for the greatest period practicable, 
against sand reaching the collectors and obstructing them. When the 
old filter Poughkeepsie, designed the late James Kirkwood, 
Am. Soc. E., was opened for repairs 1897, after having been 
operation twenty-five years, sand was found all the way down the 
bottom the filter, although the original depth stones and gravel 
was ft. 

The depth broken stones was ft. Above the stones were four 
courses gravel, each ins. thickness. the absence actual 
measurement, believed that the mean effective size the gravel 
the upper course was but little any greater than that the upper 
course the Albany filters, though was evidently less carefully 
screened. One the causes tending force the sand down into the 
gravel was, undoubtedly, the invariable practice filling the bed 


Papers.] DISCUSSION ALBANY FILTRATION PLANT. 177 


from the surface,—there being other means provided. The avoid- Mr. Fowler. 


ance this practice, the Albany filters, together with the greater 
care screening the gravel, will lessen the tendency the sand 
pass downward; nevertheless, the writer believes that some sand 
will, time, however remote, reach the collectors, and that 
additional thickness gravel would prolong that time ratio 
greater than that the increased thickness. seems the writer 
that about double the thickness each grade gravel over the top 
the conductors would remove the time possible obstruction 
the collectors period the future sufficiently remote justify 
the additional expense construction. 

The device for aeration, numerous small holes near the top the 
vertical extension the inlet pipes the settling basin, would seem 
require the addition some appliance for keeping the holes clear 
and preventing their becoming closed and floating suspended 
matter. 

The devices for preventing undue loss head pressure upon 
the filters, for observing and regulating the rate filtration, and for 
preventing excessive rate, appear admirably adapted for their 
respective purposes. 

The writer congratulates the author and all associated with him 
the design and construction, well the City Albany, upon the 
successful installation filtering plant apparently nearly perfect 
allits arrangements for successful operation. 


important paper, dealing with the largest plant its kind 
operation this country, valuable contribution the subject 
water purification. many ways this plant shows the results 
careful thought and thorough studies the experimental evidence 
obtained this country, and also the construction and operation 
municipal plants Europe. 

Comparing the Albany plant with those constructed years ago 
Europe for the purification the general type water which the 
Hudson River representative, found that this plant contains 
many improvements. thoroughly modern, embodying the 
results the progress the last dozen years this particular line. 
For many years the construction and results operation the 
Albany plant will doubtless studied engineers interested 
water purification. 

reading this very interesting paper there occurred the writer 
points inquiry and comment, the principal which 
are follows: 

Character Hudson River Water with Reference Turbidity and 
Color.—The paper deals considerable length with the sewage pollu- 
tion the unfiltered water, but leaves the reader his general infor- 
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mation with regard the nature, degree and duration turbid water 
which occurs the Hudson Albany. Obviously, this factor was 
some significance the design the plant, for the reason that 
was decided construct sedimentation basin. All members this 
Society are doubtless familiar with the general facts that the Hudson 
flows through glacial drift formation and not through clay-bearing 
region; that the headwaters the river are mountainous country, 
clad the winter with snow which melts rapidly the early spring 
produce freshets; and that Albany the river compara- 
tively short one. the near future specific information will pre- 
sumably available this subject; but the writer desires inquire 
what the general evidence now available shows the amount and 
character suspended matters the water during freshets; and also 
the frequency, intensity and duration freshets. 

stated the close the paper that the filtered water satis- 
factory appearance regarding color, although not stated how 
much color found either the unfiltered filtered water. The 
question how much color due dissolved organic matters may 
present water satisfactory appearance one upon which there 
much difference opinion. And especial significance 
connection with the type plant adopted Albany, because, ordi- 
narily, possible this means remove only about one-third 
the color the applied water. While satisfactory results were 
doubtless obtained this particular instance, this is, nevertheless, 
interesting topic for discussion. 

Filtering Materials and Underdrains.—In connection with the 
ciency the filter, the filtering materials and underdrains are 
prime importance. The Albany plant, general terms, represents 
the best modern theory and practice these particulars, and 
here that this plant differs most from the older ones 
merly was the practice use gravel layers much thicker than was 
necessary support the sand and conduct the filtered water the 
collecting pipes, and, some instances least, the layers were not 
properly graded prevent the upper layers from settling into the 
lower ones. the present time many reliable data are available 
serve making these computations. Concerning the use the thin 
graded layers gravel, there doubt that they conduce both 
efficiency and economy. the case the Albany plant they appear 
the opinion some engineers might considered questionable 
whether, with only three grades gravel, advisable use with 
the finer grades such thin layers 2.5 ins. The experience 
the writer shows that ordinarily difficulty should arise under these 
conditions, but that rigid inspection the work necessary guard 
against the layers settling together. The writer desires inquire 
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the gravel layers. 

The practice placing gravel layers beneath the sand within 
distance ft. the walls the filter especially commend- 
able. this had been adopted the older filters would have 
doubtless precluded many instances unfiltered water reaching the 
filtered water drains. 

Filter Covers.—Although there are number open filters 
service the general section the country which Albany located, 
the question the advisability covering these filters too obvious 
fitting one for discussion. The principal point, this con- 
nection, note that for the first time this country the vaulting 
for filter covers has been made entirely concrete. This departure 
results economy, and doubtless will adopted many instances 
the future. 

Pure- Water Reservoir and Control Rate descrip- 
tion and discussion these phases the plant are among the most 
interesting parts the paper. They are unusual and unique 
number ways, and, while not such model type under many 
conditions elsewhere, they appear serve their purpose admirably 
this case and based sound reasoning. 

Cost Filters.—The cost these covered filters, $45 600 per acre, 
exclusive land and engineering, much less than the general 
figures obtained from other and earlier plants. While there 
doubt that efficient and durable filters this type can built, 
ordinarily, much more cheaply than has been generally considered 
the case, yet the conditions for construction Albany were 
usually favorable number ways, follows: 

The filter site was level tract land, requiring practically 
grading and excavation other than that necessary obtain material 
for the embankments. 

Very little rock excavation was required. 

The floor the filters rests blue yellow clay, compared 
with the quick-sand and the made land which would encountered 
some localities. 

The conditions, apparently, were free from complications, and re- 
quired very expensive steps relative the exclusion ground- 
water from the plant. Concerning the leakage the filtered water, 
the event cracks the fairly light masonry, the ground-water 
level would cause the loss water very small, compared with 
conditions found elsewhere. 

Construction materials were much cheaper the time the Albany 
contracts were let, than present. 

The site was very favorably located with reference securing 
and delivering the various materials construction. 


any evidences have been detected thesand passing into and through mr. 
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With open filters, heavier masonry some respects would 
required than the case covered filters. 

noting these points, regard which Albany was very fortu- 
nate, is, course, obvious that they not detract from the merit 
this paper plant which, the writer’s opinion, entitled 
great praise. 


writer wishes express his appreciation the service which the 
Water Department Albany has rendered the public the con- 
struction the filter, well described Mr. Hazen. Not only will 
this filter prove blessing the citizens Albany the saving 
lives, but will stand model for American engineers and object 
lesson certain American cities which have been negligent protect- 
ing themselves from the dangers their polluted water supplies. 

The brief period during which the Albany filter has been opera- 
tion not sufficient show exactly the degree purification the 
Hudson River water whieh will attained permanently, but the fig- 
ures presented Mr. Bailey show that already good results are being 
obtained, and that the bacterial efficiency improving steadily. 

the other hand, has been found that there are certain things 
which the filter will not do. will not remove all the coloring mat- 
ter from the water. Experts realize that this not expected, 
but the ordinary consumer does not understand why the filtered water 
should not colorless. Experiments have shown that simple sand 
filtration not capable removing more than about one-half the 
coloring matter from water, under favorable conditions, and that ordi- 
narily the amount reduction not more than one-third one- 
fourth. Mr. Bailey has stated that the color reduction Albany thus 
far has been about 40%, the color the applied water being times 
high 0.50 0.60 the platinum scale. The removal color 
filter usually greater than one which has been long use, 
and probable that this percentage removal cannot always 
maintained. The removal coloring matter from the Hudson River 
water the sand filters Poughkeepsie shown the following 
figures taken from analyses made various times Dr. Drown: 


Feb., Dec., Jan., Apr., 


Color applied water........... 0.233 0.15 0.60 0.38 0.30 
Color filtered water........... 0.19 0.10 0.65 0.40 0.25 
Percentage reduction color. .17 


the spring 1899, the writer obtained the tollowing results from 
the Poughkeepsie filter: 

Color Hudson River water 0.32 

Color tap water 0.26 

Percentage removal color 


Mr. 
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fective removing certain odors from the applied water. Professor 
Mason has alluded the odor imparted the water the Back Chan- 
nel waste material discharged from the gas-works, and which, not 
being removed the filter, caused some complaint from the consumers. 
This matter odor, water which purified, should not 
overlooked engine2rs when considering filtration works. Inasmuch 
sand filtration cannot depended upon remove such odors 
those observed Albany, essential that the applied water should 
freed from them, and case where prevention easier than 
cure. 

Many American streams receive large amounts factory refuse, 
and such cases filtration alone may not always render the water 
palatable. The refuse should purified before allowed enter 
the streams. Sometimes very large streams become affected with 
odors from factory wastes. The Schuylkill River Philadelphia 
case point. few years ago the water certain sections Phila- 
delphia acquired disagreeable odor which resembled that creosote 
muchasanything. courtesy John Trautwine, Jr., 
Assoc. Am. Soc. E., the writer was given the opportunity make 
some observations the cause this odor. Samples water 
were collected various parts the city and examined physically 
and microscopically. character the odor showed that was 
not due microscopic organisms, and odor-producing organisms 
were found the water. The odor was apparently due manufac- 
turing waste, and suspicion fell upon certain paper mills few miles 
above the city from which large volumes refuse material were dis- 
charged certain times during the day. Samples water collected 
from the river had the same odor that observed the city, and near 
the mill where the refuse material was supposed discharged, the 
odor was very decided. The microscopical examinations the sam- 
ples showed the presence fragments wood fiber the river water 
and some the samples tap water. The samples which con- 
tained the largest amounts wood fiber gave general the strongest 
odors. Furthermore, was the testimony many individuals that 
the odor was not equal intensity day, this being due, 
apparently, intermittent discharges from the mills. 

There one feature the operation the Albany filter which will 
watched with interest biologists, namely, the storage the 
filtered water open reservoir. has become well-recognized 
principle this country that ground waters cannot stored reser- 
voirs exposed the light without liability deterioration from 
troublesome growths; and the question has already presented 
itself the minds some whether the water supply Albany 
will not some day this cause. Time alone will tell whether 


has been found Albany that sand filtration not always ef- Mr. Whipple. 
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their fears will realized. That diatoms and other microscopic 
organisms will develop some extent the stored water 
expected, but the experience Lawrence and Poughkeepsie would 
indicate that the chances serious trouble from such growths are 
not very great. this connection the writer desires the author 
whether microscopical examinations the water the reservoir have 
shown yet any tendency the microscopic organisms develop; 
whether the which the filtered water been 
recently cleaned; and, not, whether there exists the present time 
any considerable amount sediment the bottom the reservoir. 
Experience with the reservoirs the Brooklyn water supply, where 
mixed ground water and surface water stored open sunlight, has 
shown that the deposits which form the bottom the reservoirs 
have important influence the development the microscopic 
organisms. 

Allusion has been made the growth upon the surface 
open filters and the annoyance which they cause the operation 
the filter. Some interesting studies the growths microscopic 
organisms over the sand have been made recently Dr. Otto Stroh- 
meyer, Hamburg, and Dr. Ad. Kemna, Antwerp. brief account 
their observations, with some additional studies made the writer, 
may not out place this discussion. 

Hamburg has been the custom for long time whenever 
filter-bed was scraped examine microscopically the surface film over 
the sand and record the organisms present. Microscopical examina- 
tions the water the Elbe River have also 
tion has been given the careful enumeration the different species, 
and, for the most part, the methods the planktologists have been 
followed. The observations have shown regular seasonal 
succession organisms which develop onthe sand. During the winter 
the diatoms alone are represented, but certain species sometimes develop 
great abundance. during the spring and fall, however, that 
the diatoms attain their maximum growth. The green appear 
the spring and increase during the summer. The blue-green are 
present inlarge numbers during the late summer, their growth usually 
continuing until cold weather. Substantially, the same seasonal dis- 
tribution was observed Antwerp. interesting note that 
corresponds with the seasonal distribution the microscopic organ- 
isms repeatedly observed various lakes and reservoirs this 
country. 

Antwerp similar studies the surface have been syste- 
matically made, but somewhat different methods have been followed. 
The work has been carried the Waelham laboratory the Antwerp 
Water-Works Company. Chief attention has been given the domi- 
nant forms. The actual numbers organisms present have not been 
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recorded, but the results have been expressed proportionate parts Mr. Whipple. 
the total number present, scale ten, follows: 


this date (Oct. 7), therefore, the predominant forms were Coscino- 
discus and Melosira. the following genera were present: 


this country similar results have sometimes been expressed 
sents the results microscopical examination the film the top 
experimental sand filter. The sample was collected March, 
after the filter had been operation nearly two months: 


Number organisms 
over 1sq. cm. sand. 


Diatomacee: (In standard units.*) 


Chlorophycee: 
Cyanophycee: 
Protozoa: 


One standard unit equals 400 square microns. 
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The organisms which develop over the surface sand filter may 
grouped, for practical purposes, into three classes: those which 
form matting upon the sand; those which are attached the sand 
but extend upward filaments sheets; and those which are free- 
floating the water. Perhaps would better say that the 
organisms are found these three conditions, because the same 
organism sometimes found now the sand and now above it. 

The effects these three groups organisms upon the operation 
the filter are not the same. The most important effect that pro- 
duced those organisms which form matting upon the sand. The 
diatoms and the unicellular are herechiefly concerned. their 
growth they form more less gelatinous film upon the surface, and 
this film becomes denser, the rate filtration retarded until 
finally becomes necessary scrape the filter. which grow 
erect upon the sand not thus filter. contrary, they 
prevent clogging some extent. Their waving, interlaced threads 
act sort preliminary strainer, removing from the applied water 
some the suspended matter which would otherwise collect the 
sand. This action continues long the plants are good condi- 
tion and long the evolution gas sufficient cause flotation. 
When they begin decay when they become overloaded with 
foreign matter they settle the bottom and help clog the filter. 
Kenma found that Antwerp Hydrodictyon was the most effective 
organism this process preliminary straining. The free-floating 
forms have little influence the rate filtration long they 
remain suspension, although, some extent, they too play part 
the preliminary clarifying process. But ultimately most them 
reach the surface the sand and help clog the filter. 

Not only the growths over sand filter affect the rate 
filtration and the frequency scraping, thereby increasing the cost 
filtration; but they exercise important influence upon the efficiency 
the filter. sometimes happens that the growth the 
vigorous and the evolution gas abundant that great masses 
the organisms rise the water, carrying with them patches the 
surface film and leaving bald spots the sand through which the 
water passes too high rate, with consequent loss bacterial 
efficiency. filter attendants watch for this phenomenon, 
and reduce the rate filtration necessary. seems probable, also, 
that decomposition the organisms the surface affects the filtered 
water unfavorably. 

During the course the year the character the flora changes. 
This change often gradual, but times very rapid. Kemna has 
noticed that the time when certain organisms are rapidly disap- 
pearing from the sand the efficiency filtration impaired. 
attributes this the changed condition the surface film caused 
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the decomposition the organisms, but suggests that changes the Mr. Whipple. 


bacterial flora may also play important part. Ina recent publica- 
tion* Dr. Ad. Kemna cites the following interesting experience with 
Anabena: 

During the hot weather July, 1899, Anabena became abundant 
over some the Antwerp filter beds. Knowing the character this 
organism and its tendency impart odor the water, kept 
careful watch the filters, collecting samples the filtered water 
twice day and testing them their odor and the amount 
ammonia they contained. long the remained 
living condition the water over the sand, the filtered water was satis- 
factory, but when the organisms disappeared, the advent cold 
weather, the filtered water acquired bad taste and the amount 
ammonia increased. 

The studies made Hamburg and Antwerp show, with appar- 
ent conclusiveness, that when the vegetation over sand filter 
living condition, positive aid the efficiency filtration, 
though increases the cost operation. Most the microscopic 
organisms have coating which somewhat gelatinous, and many 
cases the gelatinous material very abundant. The diatoms and 
other organisms which grow directly the sand aid the formation 
the surface film which the efficiency filtration largely, but not 
solely, depends. This fact has been understood for many years. The 
surface film forms through bacterial agency covered filters well 
open filters, but the latter its formation assisted the 
microscopic organisms. 


INTESTINALIS UPON (Direct Sunlight.) 


BACTERIA PER CUBIC 
CENTIMETER. 


Tempera- 
Date. Hour. 


Culture Water without 
Enteromorpha. Enteromorpha. 


18° Cent. 122 
230 


The experiments Strohmeyer, the laboratory the Hamburg 
Water-Works, have shown that some exercise sterilizing influ- 
ence upon the water which they develop. for 
example, green alga which often very abundant the filter 
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Mr. Whipple. beds during the summer. Strohmeyer selected and carefully cleaned 


some the young, growing filaments this organism and put them 
flasks which contained about 300 water, adding also 
sterile culture solution. Other flasks water were similarly 
prepared, but without the Pairs these flasks, with and with- 
out the were subjected similar conditions light and temper- 
ature, and their bacterial contents determined intervals few 
hours for several days. The result one these experiments 
given Table No. 

The figures show that the beginning the experiment the 
bacterial contents the two flasks were practically the same. After 
standing for eight hours the dark, the bacteria increased slightly 
both flasks. After fourteen hours’ exposure direct sunlight, the 
water the flask which contained the growing was practically 
sterile, while the other flask the development the bacteria con- 
tinued uninterruptedly. similar experiment, carried for longer 
period diffused light, gave the results shown Table No. 


TABLE No. ENTEROMORPHA INTES- 
TINALIS UPON (Diffused Light.) 


BACTERIA PER 
CENTIMETER. 


Culture Water without 
Enteromorpha. 


11.30 a. mM. 18° Cent. 145 108 
2 P.M. 160 144 
6 P.M. 152 243 

tows 8.30 A. M. me CS 1 100 5 900 


Here the development bacteria the flask without the alge 
was more vigorous than before, but the sterilizing action was less 
vigorous, might expected. Other experiments with Spirogyra, 
Cladophora and Stichococcus gave similar results. Whether the steriliz- 
ing action produced the growth the was due the effect 
the gases liberated some other cause was not definitely 
determined. 

What true these filamentous probably true many 
other microscopic organisms, and, not only the green but 
the diatoms and, perhaps, the blue-green the time when 
was present the Antwerp filters, Kemna observed that 
was not equally abundant all the beds, and that with the beds 
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sand, but increased degree purification. 

The writer has had frequent occasion observe the reduction 
the number bacteria water growths microscopic organisms. 
The following case very striking: pond, with area acres 
and capacity galls., was affected with immense 
growth which appeared the spring and continued 
until the late autumn. times the water contained 000 standard 
units these organisms per cubic centimeter. The water that 
entered the pond was polluted, and the number bacteria was 
seldom lower than 1000 per cubic centimeter, and was often much 
higher. the same time the number bacteria the water the 
outlet the pond was very low. one occasion the following 
results were obtained, and these are typical the conditions which 
prevailed for several months: 


Number Bacteria per 
cubic centimeter. 


Average the influent streams........... 400 


Sample the outlet 


series examinations samples collected the outlet the 
pond during entire year gave the following results: 


Number bacteria Number standard 
per cubic centi- Units Clathrocys- 


meter. tis per cubic. 
centimeter. 


These figures show that the number bacteria the outlet the 
pond varied inversely with the amount Clathrocystis present. 
this case part the reduction the bacteria, least, appeared 
due mechanical action which the bacteria were engulfed 
the mass jelly which the cells Clathrocystis were embedded. 
Microscopical examination the Clathrocystis showed that various 
kinds bacteria were present this gelatinous mass—micrococci, 


where was most abundant there was not only less clogging the Mr. Whipple. 
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long bacilli, short bacilli, singly and groups. The bacteria thus 
absorbed may may not have been living condition, but least 
they were incapable developing the gelatin plate. Microscopical 
examination the cultures the Petri dishes showed that very 
few instances was mass Clathrocystis the nucleus colony 
bacteria. Laboratory experiments were equally suggestive the 
action Clathrocystis bactena. water which contained 430 bac- 
teria per cubic centimeter was mixed with equal volume water 
very rich Clathrocystis, which contained but bacteria per cubic 
centimeter, and shaken vigorously. Plate cultures the mixed 
waters resulted the development only bacteria per cubic centi- 
meter. Other experiments similar character corroborated these 
results. 

the reservoirs the Brooklyn Water-Works, has been observed 
repeatedly that when Synedra and other organisms have 
been present great abundance, the numbers bacteria have been 
unusually low. There some reason believe that the microscopic 
animal growths tend reduce the number bacteria water 
consuming them food. The relation between the water bacteria and 
the lower forms microscopic plants and animals certainly 
intimate one, and the subject one which deserves careful study, 
not only important connection with filtration, but has direct 
bearing upon the self-purification streams and other natural 
phenomena. 

sents, interesting manner, the detail continuous filtration 
plant constructed substantially lines followed for many years 
England, and the Continent Europe generally. The cost the 
plant per unit area lower than that the European plants, which 
attributed the favorable conditions Albany. Basing his view 
perhaps casual study filtration plants abroad, the writer is, 
however, disposed say that the decrease cost partly due, 
any rate, somewhat less elaborate construction than common 
there. The extensive use concrete has also contributed keep the 
cost within moderate limits. 

The author has referred studies the flow the Upper Hud- 
son, made the writer. The cited figure 657 cu. ft. per second, 
minimum flow, probably not far from right, although the summer 
1889, for few days, the flow may have been low 200 300 
cu. ft. per second. 

Table No. gives the run-off the Hudson River cubic feet 
per square mile per second, for period years, from 1888 1899, 
inclusive. These figures not represent the natural flow the 
spring months, which are modified lumberman’s storage from 
000 000 000 000 000 cu. ft. The Indian Lake Reservoir, 


| 
a 


Papers.] DISCUSSION ALBANY FILTRATION PLANT. 189 


storage therefrom being discharged into the stream during July, 
August and September. Had not been for this large artificial 


inflow, the minimum these months would have been considerably 
lower than shown. 


TABLE No. Hupson River MECHANICVILLE, FOR 


(Catchment Area 500 Square Miles). 


his statements relating cracks the walls, the author appar- 
ently assumes that cracks masonry are, the whole, expected. 
This has always seemed the writer far erroneous view that 
disposed say that even our severe winter climates, cracks 
concrete masonry ought not occur. any rate, this general state- 
ment may made for walls any considerable thickness. For thin 
walls, the statement may possibly modified somewhat, although 
there are certainly cases such, considerable length, free cracks. 

The writer disposed assign lack cleanliness prolific 
source so-called temperature cracks. general statement, for 
walls long those referred the author, the elasticity the 
mortar ought take care expansion and contraction. But this 
implies thorough adhesion the mortar. The chief remedy is, 
course, cleanliness stone and mortar materials. 

way showing the elasticity concrete under compression, 
reference may made the writer’s studies concrete recorded 
the Annual Report the State Engineer and Surveyor New 


470 000 000 cu. ft. content, was also brought into use 1899, the Rafter. 
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Mr. Rafter. York, for 1897, where tabulations large number compression 
tests may Without going into extensive these 
tests, this time, few points may cited illustration the 
writer’s proposition. 
Table No. gives the serial number per report State Engi- 
neer, brand cement, resilience and modulus elasticity for 
number concrete blocks plastic mortar, 40% the aggre- 
gate. The resilience here tabulated for gauged length ins., 
and compression 600 lbs. per square inch, while the modulus 
elasticity between loads 100 and 600 lbs. per square inch. 


TABLE No. 11. 


Brand Resilience for Modulus 
Serial number. cement. length ins. elasticity. 


Empire 
Champion 


For length ft., and with 600 per square inch compression, 
the mean resilience the foregoing blocks therefore found 
0.0036 in. this rate concrete wall the specified composition 
might expected—if free move—to expand nearly ins. before 
serious consequences would result. Taking into account that so-called 
temperature cracks not often exceed, even walls several hundred 
length, from has seemed probable the writer that, 
with the proper precautions taken, they ought not occur. the 
same time, there intention being specially insistent these 
points, but rather present them the hope eliciting further and, 
possibly, more profitable discussion. 

For ordinary brick walls, the writer recognizes that they are very 
liable crack under some the conditions detailed this paper. 

Tables Nos. 16, inclusive, the writer’s report Concrete, 
the Annual Report the State Engineer and Surveyor New York, 
for 1897, give results large number compression tests and 
computed moduli elasticity for concrete and mortar. Additional 
data this character may found the Report Tests Metals 
and Other Materials, Watertown Arsenal, 1898.” Indeed, recent 
compression tests have multiplied enable one form fair 
idea the elasticity concrete and mortar. For other masonry 
materials there still great lack data. 
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the paper refers the channel the mouth the Brazos River, 
Texas, which stated that, contrary the expectations increased 
depths the great flood July last, the sounding showed but ft. 
several places, ‘‘thus demonstrating the relative superiority the 
principle reaction single jetty.” 

From newspaper clipping learned that the United States As- 
sistant Engineer charge the surveying expedition the mouth 
the Brazos River, has reported Captain Riche, Engineer, 
charge the Brazos District, that there depth ft. water 
mean low tide the mouth the river, and that this depth extends 
not only from the Gulf through the jetties, but 500 ft. above the 
lighthouse, which some distance inland. 'The works the mouth 
the Brazos River were built reference datum plane average 
flood tides; this would make the depth mean high tide over 
19.8 ft. more recent survey the Government Engineers shows 
that there is, throughout the entire length the jetty channel, 


Professor Haupt’s paper this subject, together with all the discussion thereon 
which had been received December 1899, has been published Volume 
Transactions. Subsequently, the discussion the Proceedings for January, 1900, and 
the present discussion have been published. Additional discussion this subject will 


collated and published subsequent numbers Proceedings and the next volume 
Transactions, 
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minimum depth ft. mean low water, 21.8 ft. mean high 
water, the datum plane the works. 

The feature which attention particularly called the writer 
is, that although the high water came July last, and the channel 
that time was deepened ft. mean low water, has maintained 
itself through the seven months intervening between that date and the 
date the survey the United States Engineer. 


ditions Aransas Pass, resulting from the construction its discon- 
nected reverse-curve breakwater, seem have fulfilled measure the 
expectations the Board Engineers who planned it, much remains 
done before can accepted success the improvement 
tidal harbors. 

The very essence the jetty principle concentration the volume 
stake, this so-to-speak experiment; and should prove efficacious 
all its features, the great reduction cost alone would certainly 
recommend its adoption. 

There doubt the writer’s mind that the curved trend 
breakwater jetty adds materially the forces for scour the chan- 
nel, over that straight jetty. The tendency moving body 
water confined channel with uneven and rough bottom will 
always cause eddies, and crooked channel, more less tending 
cross and recross from side side, making irregular cross-section; 
but with properly and regularly curved jetty the tendency the 
volume water the concave side the channel. 

The sectional area curve bend stream, between 
jetties natural water-way, always greater than reaches. 
This will always the case the whole length the segment the 
curve, and this applies equally channel open way, especially 
Aransas Pass. 

The system two tidal entrances debouchures, this case, 
especially applicable where tides are slight, they are the Gulf 
Mexico, because, account the comparatively small tidal volume 
depended upon for scour, essential secure all the volume 
possible cause the required scour, and this system may well 
tried such small tidal localities. 

But other points, for instance, the Pacific, along the United 
States and Mexican coast, where the shores are very abrupt and defiant, 
and the tides rise much higher, doubtful the system could 
applied. For the port Altata, State Sinaloa, Mexico, the writer has 
had occasion propose single jetty forthe maintenance given 
depth the new entrance this port, which was breached through 
the Peninsula about miles south Altata during the hurricane 
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jetty, but after having made the surveys found the conditions not 
adapted, principally account very unstable and deep shores. 
found, also, that the volume passing and out was sufficient 
accomplish the required scour and keep permanent depth; there- 
fore, single curved jetty was proposed. The Government, however, 
was not ready expend the required funds for its construction until 
better financial condition was apparent. 

The auxiliary tidal mouth the Aransas Pass work open ques- 
tion whether advantage. During high wave-energy, there 
will likely brought into the channel quantities sediment which 
will deposit the lee, and which, during storms long duration, 
will accumulate such quantities cause much delay afterward 
clearing the channel such deposition, the disturbed forces 
operating the channel. 

The writer has seen considerable such deposition through breaches, 
especially Tampico and Vera Cruz; one case, the last-named 
and covered entirely the inside apron the breakwater for over 500 ft. 
Not only did deposit, but kept accumulating the harbor for 
time, causing excessive expense dredging, until the breaches were 
closed. true, however, that this case there was not sufficient 
tidal energy inside the harbor carry away such deposit. 

Tampico the case was different, and the deposition which took 


place there was readily swept away, the conditions therefor being 
favorable. 


November, 1896. The writer had then contemplation detached mr. wrot- 


Lewis Am. Soc. (by Wisner cites Mr. Haupt. 


ideal case for the use such breakwater, but, unfortunately, 
was consequence the effort apply this ideal ‘‘continuing 
the natural curve the outlet” that caused the work the Gov- 
ernment fail Aransas, for the reason that the natural 
the result the external drift encroaching upon the advancing 
convex side the inlet, and therefore the far wrong side 
the channel. jetty the concave side, therefore, deposits the 
littoral drift and blocks the channel, causing the bar move 
more rapidly seaward. Hence, not generally good practice 
continue the natural without auxiliary structure abreast 
arrest the drift, thus requiring two jetties the far one 
built first. 

several members appear under the impression that the 
single curved breakwater not applicable the mouths sediment- 
bearing rivers, the writer desires state his reasons for entertaininga 
different opinion. The objection based upon the statement 
any diminution velocity flow produces 

This conceded correct general principles, but subject 
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the modifications effects velocity producing scour, noted 
the writer and confirmed Professor Williams, and Mr. Wisner 
his former papers. Hence, the only question arising which 
form construction produces the greater diminution velocity, 
one curved jetty two straight ones; and are their effects upon the 
outflowing currents all similar? 

The writer’s position two rigid jetties which are practically 
parallel is, already stated, that they act merely aqueduct 
convey the effluent water and its load sediment over the site 
existing bar merely deposited the sea beyond, where new 
obstruction will formed, unless there strong littoral current 
prevent it. single reaction jetty, the contrary, produces lat- 
eral movement sediment, thus removing from the concave side 
where the velocity the greatest, because the longer path, and 
notwithstanding the lesser slope, the convex side, where accumu- 
lates and forms natural levee, which, process time, automatic- 
ally adjusts itself variations the regimen the stream. thus 
happens that instead all the material being carried rolled the 
mouth, with two jetties, far the greater portion thrust 
aside before reaching the outer end the concave jetty and depos- 
ited outside the navigable channel, and thus the growth the bar 
seaward greatly retarded. The result that the one jetty not only 
costs far less build, but also much cheaper maintain. 

These views appear sustained the facts stated Mr. 
Wisner, relative the maintenance the Eads Jetties the South 
Pass the Mississippi River, authorized 1875, estimated cost 
225 000. These jetties were parallel and 000 ft. apart—too far, 
fact, for the best results from the small portion the discharge 
traversing that being rigid, the readjustment could only 
made groins and inner jetties which the channel 
about 600 ft., thus increasing the cost, and the same time produc- 
ing alternations velocity instead uniformity, but resulting finally 
securing the ft. depth desired. 

Mr. Wisner, however, makes important statement, viz.: That 
the curvature the channel was such that excessive depths devel- 
oped near the concave jetty and caused sufficient deposit the 
convex side reduce the width depth ft. less than 200 
ft.,” thus showing that the degree curvature was excessive, since the 
reaction was too great for the contracted channel; also, that there was 
resultant movement material from the concave the convex 
bank. The channel through the South Pass has several reversals 
curvature and consequent yet the depths are maintained. 
The east concave jetty was located transition curve starting 
from tangent, with gradually increasing deflection until reached 
radius 720 ft.; its total length being 100 ft., nearly miles. 
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thence sea curved with radius 000 ft. 

Mr. Wisner states fundamental principle when says: ‘‘The 
amount curvature given channel fixes the width that can 
Hence, the success failure the engineer depends 
upon proper adjustment his radii the local conditions; too 
short, the channel will too deep and narrow, and vice versa. The 
happy medium which best adapted all stages must 
determined. 

Hence, the writer the opinion that single curved jetty, 
adjusted the regimen the stream, and having restraining 
counter jetty interfere with the natural deposition material 
beyond the normal section the channel, will not only cost less, but 
will give far more satisfactory result maintenance. 

support this view the writer submits few brief extracts 
from well-known foreign authorities illustrating the action curved 
channels. his Tidal Mr. Wheeler says: 

concave bank sets scouring action the current 
diverting the particles the water from their straight course, 


causing that rotary motion and boring action which occurs all 
and which operates deepening the along the concave 
side.” 

Mr. Stevenson says: That might safely affirmed that astream 


likely follow permanent course when directed concave 


Mr. Scott-Russell: Where the curves were gentle, the natural 
bends should not interfered with; that river has oscillating 
motion the mere fact the commencement curvature 
would give tendency continue that curvature, and the stream 
would oscillating regularly the sea curves opposite 


Continuity system oscillation should therefore 


Captain Culver says straight reaches are strictly avoided 

since the deep-water track acted upon the most trifling 
causes, ranging from side side will therefore 
security whatever for the permanency the deep water, either 
fixed channel the shipping berths.” 

The French Government Commission, reporting the improve- 
ment the estuary the Seine, advised that the training walls 
should extended sinuous form, having concave bend leading 
the entrance Honfleur Harbor, order that deep water should 
maintained the entrance. 

Fontain, the rectification the Rhine, avoided straight cuts 
and adopted curves. 

From which appears that the most experienced authorities 
recognize the value curvature means creating and preserving 
channel silt bearing, tidal streams and estuaries. 


From all would appear that for tidal estuaries inlets 


The west jetty was parallel the other for nearly 3000 ft., and Mr. Haupt. 
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sandy coasts, where drift and wave bars obstruct the entrance, 
single reaction breakwater should placed leeward the proposed 
channel; while for sedimentary delta rivers emptying into com- 
paratively tideless seas, single concave jetty, long radius adjusted 
the discharge, will best serve create and maintain the best 
channel least cost. 

The cases are widely different, consequence the origin and 
direction movements the silt; the one being littoral and external, 
the other fluvial and internal; hence they require distinctively different 
treatments. 
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RIVER HYDRAULICS. 
Discussion.* 


admirable illustration the present tendency hydraulics, not 
attempt express complex relations drawn from large number 
cases single formula, but rather work out each case itself, 
its merits. The recognition that the discharge stream for 
given gauge height will different for rising from what for fall- 
ing stage, with each some proportion rise and fall, case 
point, also the discussion the effect train.” Fre- 
quently, the tendency has been either include all such phenomena 
single expression, ignore them entirely. The best illustra- 
tion, however, found the conclusion the paper, that there 
particular equation which expresses the hydraulic relations rivers 
better than the formulas common use, but which does not any 
degree apply pipes, conduits and uniform reaches straight 
channel. 

While the paper thus illustrates desirable improvement 
hydraulic studies, contains, further, series generalizations which 
assist one materially comprehending the complex series physical 
facts entering into the flow large stream, where bends, irregular 
bed and other disturbing influences tend complicate the phenomena. 
For all such, notwithstanding current practice, well recognize 


Continued from January, 1900, Proceedings. See October, 1899, Proceedings for 
Paper, James Seddon, Am. Soc. E., this subject. 
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Mr. Rafter. that can have best only casual application, and de- 


monstration this point Mr. Seddon’s paper can hardly excelled. 
But for straight reaches artifical channel with uniform cross-section, 
the conditions flow are different from those meandering and 
silt-bearing streams, that deductions applicable one may not apply 
any degree tothe other. Forsuch achannel, the theory velocity- 
slope relations becomes, the same for pipes and conduits, all 
important. shown the views expressed the paper 
not apply these cases, but are considered confined 
large streams with relatively flat slopes. Nor, far the writer can 
now see, will they apply small streams and mountain torrents, for 
both which the Chezy formula more nearly applicable. This, 
however, merely line with the proposition to, far possible, 
work out formulas suited each specific case. 


4 
q 
q 
q . 


FEBRUARY, 1900. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE SOUTH 'TERMINAL STATION, BOSTON, MASS. 


Discussion.* 


used Mr. Francis water-proofing the masonry throws new light 
subject upon which comparatively little has been written. 

the summer 1896 the writer had charge the construction 
water-proof subway, beneath the four tracks railroad Massa- 
chusetts. The subway was about 100 ft. long and ft. clear width, 
with the floor about ft. below the level the water nearby 
creek. was necessary, therefore, build masonry structure 
which would impervious water under pressure. The design 
the subway called for foundation concrete, brick side and end- 
walls, and roof with concrete backing. The water- 
proofing materials were refined bitumen asphalt the best quality and 
heavy tarred paper. Inside, the finished subway was planned 
mosaic floor and sides and arched ceiling glazed bricks; but these 
embellishments have nothing with the water-proofing, and were 
added merely veneer the main walls the structure. Thesub- 
way was built soil fine sand full water that was not far 
removed from quicksand. 


*This discussion (of the paper George Francis, Am. Soc. E., 
Proceedings for December, 1899), printed Proceedings order that the views 
expressed may brought before all Members the Society for further discussion. 
(See_rules for publication, Proceedings, Vol. xxv, 71.) 

this subject received prior March 1900, will printed 
later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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order simplify the description, the methods used water- 
proofing the side-walls and roof are separated. 

The floor was water-proofed follows: foundation course 
concrete, ins. thick, was laid upon the sand, and the top this was 
roughly leveled and smoothed filling the depressions with mortar. 
After this mortar had set, heavy tarred paper was laid break joints, 
and over the paper was poured layer molten asphalt. (The thick- 
ness this pouring will depend upon the temperature the asphalt. 
Very hot asphalt will run out thickness less than in.; but 
can used that the pourings will nearly thick. The thin 
pourings, however, give the best results.) this asphalt, after 
had cooled, another layer tarred paper was placed, which was fol- 
lowed another coating asphalt. This process was continued 
until water-proof covering about in. thick was formed. This was 
composed three layers paper and three pourings asphalt. This 
floor covering could have been made entirely asphalt, but the tarred 
paper greatly increased its strength. 

Upon this water-proof floor ins. concrete were next laid, except 
where space was left for the asphalt the vertical walls join 
directly the asphalt floor. The purpose this concrete was 
keep the asphalt permanently cool and also withstand the water 
pressure from beneath. Steel rails, ft. apart, were placed the 
concrete, and the ends the rails were bedded under the inside walls, 
thus giving strength the concrete, addition weight, resist 
the upward pressure, otherwise heavier layer concrete would have 
been necessary. 

water-proof the side-walls the subway the general scheme 
was build core-wall asphalt, ins. thick, between two brick 


walls. The greatest care was necessary, making the junction the 


bottom, where the asphalt core-wall met the asphalt floor, secure 
water-tight joint. The inside wall surrounding the core was first built 
height ins. and the outside wall height ft., thus 
forming narrow groove ins. deep, into which molten asphalt was 
poured. order reduce the amount asphalt, broken pieces 
clean and dry brick were laid the groove, which was then grouted 
full with very hot asphalt. The core-wall having thus been raised 
level with the brick walls about it, the brick walls were built 
ins. higher, and the process repeated. this manner the 
sides and ends the subway were built the desired height. When 
this had been done the walls and bottom formed water-tight masonry 
box. 

When starting the core-wall the bottom, the asphalt was poured 
very slowly, for there was danger that the hot asphalt would melt that 
under the concrete and cause crack; but after the core-wall had 
reached height ft., all anxiety that score was dismissed. 
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another, the surface the cold asphalt must perfectly clean and 
dry. film, either dust moisture, will prevent water-tight 
junction. Sometimes, when the brick walls had been freshly built 
above the core-wall, particles mortar and drops water collected 
upon the surface the cold asphalt the groove, and, spite 
brushing and wiping, could not cleaned and dried perfectly. 
such cases smali quantity kerosene was sprinkled the surface 
the asphalt the groove and then lighted. The heat dried out 
the moisture and melted the surface the asphalt, giving perfectly 
new surface and making sure the unity the work. 

This use kerosene the writer has found very valuable. Old sur- 
faces asphalt which had become full indentations and which were 
covered with sand which had become ground in, were rendered bright 
and clean burning kerosene the surface; the foreign particles 
disappeared sinking deeper into the asphalt, leaving the surface 
good condition unite with the next pouring. 

The water-proofing the arch covering was very simple. 
After the masonry had been smoothed over with cement and had 
set, asphalt was poured evenly over the surface, and, after cooling, 
layer tarred paper was laid, beginning the sides and parallel 
with the barrel the arch, working upward toward the crown, each 
course lapping over the previous shingle roof. 
asphalt and three paper were used. 

The water-proofing the subway these methods was entirely 
successful, and upon the completion the work the pumps were 
stopped and the water rose height ft. around the walls the 
subway, which remained perfectly dry inside. Numerous heavy rains 
caused leakage the arched roof. 

This method water-proofing the side walls was not that originally 
tried upon this work. first the attempt was made water-proof 
brick wall means paper and asphalt. After the wall had become 
dry was coated with asphalt, and then paper was put with lap 
joints. Another coat asphalt followed, then more paper, and on. 
4-in. brick wall was built adjacent the paper hold and the 
asphalt place. The results were not successful, and perfect water- 
proofing was not secured this way. The writer the opinion 
that tarred paper has little value water-proofing material for ver- 
tical walls which are stand water under pressure, because the 
impossibility keeping the paper its proper place. also 
believes that desired build masonry absolutely water-tight 
the best way using asphalt core-wall where the asphalt 
may poured into groove and allowed run into every crevice 
which will admit water. 


Both the asphalt and the tarred paper should the best quality. 
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Cheap asphalt and the tar compound are not permanent substances, 
but will rot and become like powder under the action water and air, 
thereby loosing all water-proofing qualities; and the poorer kinds 
tarred paper are easily torn and are little value. will found 
very difficult handle the asphalt hot weather since becomes soft 
ordinary summer temperatures. Cold tough 
substance, capable bearing considerable pressure, but unpro- 
tected from the sun’s rays, becomes unreliable material. 


Asphalt and 
Tarred Paper 


8" Brick Wall 
8 Brick Wall 


Asphalt Core-wall 


Mosaic Floor 


Concrete with Steel Rails imbedded 
Asphalt and Tarred Paper 
19. 


desired use alarge quantity asphalt, the inconvenience melting 
quickly may become very great, especially outfit 
consists but one ortwo kettles. One kettle will melt large amount, 
however, kept constantly full, since the molten asphalt the 
kettle will quickly melt large blocks the cold asphalt. 

The accompanying section, Fig. 19, will the illustration the 
methods described. 


Earth 
Glazed brick Concrete { 
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braced the paper comprehensive that the author has, neces- 
sity, hastened over many features the problem, more extended 
account which might have been interesting the members the 
Society. hope sheddinga little light some these points, 
the writer wishes discuss briefly the portion the paper which 
refers particularly the train shed. 

Cantilever make more clear the reasons for adopting 
the cantilever style trussing, should stated that before the 
method supporting the roof was determined, the cross-section, 
far the roof line was concerned, was agreed upon almost exactly 
was finally built. This line was arranged give large verti- 
cal space for windows below the eaves and above the connecting roof, 
enclose the whole width the shed under single roof and avoid 
raising any portion high overtop the head house. was also 
determined that there should two lines intermediate columns 
placed substantially the positions finally adopted. 

With these conditions prescribed and with the manifest advantages 
raising the bottom chord much possible, the cantilever prin- 
ciple naturally suggested itself desirable. ascertain whether 
would result any great economy, however, estimate the cost 
trusses with the same outline, but broken over the interior columns, 
was made. was found that the weight trusses constructed 
these lines would about 10.7 per horizontal square foot, instead 
8.25 lbs., which was the weight the cantilevers. 

Whether the supported trusses could have been made light 
the cantilevers, had the shape been immaterial, was not determined; 
but doubtful, the conditions, particularly the fact that only 
small portion the load was variable, were altogether favorable for 
cantilever construction. 

Expansion.—The author has referred the fact that only one 
expansion joint was provided the trusses, and that the central 
span; but speaking the intermediate columns not anchored, 
might understood mean that was expected that motion 
might occur the feet these columns from changes temperature. 
This was not the case, was recognized that the friction from the 
load these intermediate would great render 
motion impossible, even desirable. The side columns were made 
very stiff, and were calculated the assumption that all the wind 
force would transferred through them the ground. Assuming, 
then, that the trusses were fixed the outer end, was expected that 
the intermediate columns must bend slightly the length the end 
spans varied with the temperature. Allowing for motion per 

hundred feet, the extreme effect temperature, was found that 
the strain caused this motion the intermediate column would not 


Worcester, Am. Soc. (by letter).—The subject em- Mr. Worcester. 


: 
j 
7 
q 
4 
q 2 
3 
B 
3 
| ihe. 


204 DISCUSSION BOSTON SOUTH TERMINAL. 


Mr. Worcester. add above 25% the compression caused the total vertical load, 


and the combined strain would only about 500 per square 
inch. 

matter fact, seems that the allowance in. per 
hundred feet was excessive, for was found that the total change 
the expansion joint between very hot summer day, when, before the 
covering was all applied, parts the trusses were exposed the 
direct sun, and unusually cold winter day, before the shed was 
occupied and partly warmed will occupation, that is, under 
range 94° Fahr., the maximum contraction the central expan- 
sion joint amounted only This partly explained the 
fact that the side posts, instead being absolutely rigid, assumed, 
allow motion the top apparently about in., making total 
contraction about ins., in. per hundred feet. 

this connection, the writer can hardly agree with the author’s 
conclusion with regard the Midway Floor, that expansion 
each piece steel apparently taken the riveted joints.” 
seems more probable that, the extreme variation temperature 
this portion the building probably does not exceed 40°, the elastic- 
ity the material called upon compensate for any motion which 
might occur the material were free come and go. 

General Design.—There are two points the general design the 
train shed which are not very clearly set forth the paper illustra- 
tions, and about which word may not out place. 

The trusses the ends the building, viz., and are 
made the full depth the end, with diagonals each extending over two 
the panels indicated the vertical lines the cut. 

These diagonals are omitted from Fig. through inadvertence, 
which the writer informed will remedied before the final publica- 
tion. The verticals these trusses act beams carry the wind 
pressure the horizontal trusses which are situated the plane 
the top and bottom chords. 

The reason for making the main monitor trusses with 60-ft. span, 
disregarding the supports which might have been carried the top 
main trusses, was that these trusses are spaced more closely to- 
gether than the main trusses, those intermediate between the main 
trusses being carried the purlins either side. 

Pin and Rivet Connections.—Pin connections were adopted for the 
main trusses, and for much the rod bracing, largely matter 
convenience erection and improve the general appearance. 
There was, however, one very important detail where riveted joint 
was used, namely, the intersection the bottom chord the canti- 
lever trusses with the intermediate columns. pin would have 
been such large diameter and the necessary restriction metal 
the post great, say nothing the difficulty having the chords 
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satisfactory, and was adopted without hesitation. 

Length feature the design which was consider- 
able importance the way economy, but which was somewhat con- 
trary modern practice, was the ratio length diameter allowed 
struts riveted work. rules such that length shall not 
exceed 100 times the least radius had been adopted, 
safe say that the purlins and large amount the bracing mem- 
bers would have had made different shapes altogether from 
those used. The limit adopted was for the length not exceed 
times the least diameter. the writer’s opinion, the least diameter 
such limit more proper guide than the radius gyration, 
the stiffness the member, which the element most consid- 
ered, more closely corresponds with theformer. Whether the ratio 
too great open debate, but where the members are straight- 
ened carefully after riveting, and again looked after when erected, and 
where, roof, they are not liable transverse forces any kind, 
seems wise economy use liberal ratio. 

was considered very desirable, covering the 
roof, arrange possible truly curved surface which should not 
show breaks over the purlins, there are many points view out- 
side the building from which the line sight would quickly detect 
any unevenness. was therefore with some trepidation that the 
writer specified for the jack rafters 8-in I-beams, the span being about 
ft. This was finally done, but the beams were given camber 
greater than that required the curve the roof, amount 
in.) which was approximately the theoretical deflection which the 
beam would have from the dead weight the covering. The result 
this was very satisfactory, the lines the roof taking very even 
curve. 

this connection, interesting note that the bottom the 
slope the pitch not less than ins. per foot, the steepest which the 


writer has known for similar composition roofing. far evil 
effect has been observed. 


the two sides different widths, that ariveted joint was much more Mr. Worcester. 
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Discussion.* 


and TaTNALL. 


Am. Soc. E.—Have any the specimens been 
tested being placed salt water exposed part the 
time, and part the time not exposed 

Some tests paints wires were made for the speaker 
Freeman, Am. Soc. The wires were about No. gauge and cut 
lengths about 6ins. They were coated with different kinds 
paint and were then fastened together snugly bundles seven. The 
interstices were filled and the bundles coated with paint outside. 
These bundles were fastened pile, under the resident engineer’s 
office, midway between high and low water. They were protected from 
abrasion floating matter, and were left position for six months, 
but not freezing weather. 

The reason for making the test this way was that the conditions 
would approach, more nearly than any others, the conditions 
which would met the cables the New East River Bridge. The 
wires were found corroded even inside, where the interstices had 


Proceedings for October, 1899) printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for pubiication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior March 30th, 1900, will printed 
later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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been filled with the paint. There were only one two substances Mr. Buck. 


which stood the test. One, called ‘‘cable sheet,” the composition 
which the speaker knows, but not allowed divulge, withstood 
abrasion and corrosion perfectly. This material was selected the 
covering the cables, although its application was somewhat diffi- 

Has the author used Lucol oil any his experiments? 

The speaker has had some trouble having paint applied prop- 
erly. Having secured honest manufacturer and obtained from him 
the required paint, has found that further requisite was the right 
kind man apply it. The speaker has had structures painted 
and has found that after six months the pigment could rubbed off 
with the hand quite readily. the next specification prepared 
the speaker has concluded insert clause requiring the paint 
manufacturer have inspector present all the time see that the 
paint properly put on. this way may possible fix the 
responsibility the work not satisfactory. 


Am. Soc. E.—The author has said that mr. 


considers these tests fair criterion which judge the 
ciency the coating, applied structural material exposed the 
air What time relation considered him exist- 
ing between the exposure fresh salt water and the exposure 
which would exist, for instance, the steel skeleton building 
surrounded with masonry? That say, after exposure two 
years water and one two years air most the coating has dis- 
appeared, how many years will take produce like result the 
material partially protected from corrosion? 

Further, would all the protective coverings show the same relative 
deterioration under the conditions existing buildings they show 
when subjected the direct action fresh and salt water 

During the past six years the speaker has had Lucol oil under 
observation, and has used quite extensively (for the last three years 
exclusively for exterior work and metal covering), and has found that 
gave better results than any the other oils. The speaker would 
like ascertain the author’s general views regard oil compared 
with varnish. author’s statements regard recent structural 
work New York City are taken without qualification, may said 
that the life the largest, best, office buildings will about twenty 
years, the conditions under which the exterior supporting columns 
are installed are such subject these columus certain exposure; 
that say, they are placed with their outer edges from 
ins. from the exterior walls. The general practice not make any 
special provision for protecting the columns. 

The speaker recalls one case which was specified that the 
columns should left with aspacearoundthem. Thisspace between 
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Mr. the column and the enclosing brickwork was subse- 


quently with Portland cement, which would be, without doubt, 
sufficient protection the column were not otherwise protected; but 


film paint between the metal and the cement the speaker 


Mr. Skinner. 


Mr. Pitts. 


Mr. 


doubts the sufficiency. 

New York City the practice, which nearly universal, use 
one the paints or, occasionally, Smith’s durable metal coating, but 
these have life approximately only twenty years, the New York 
practice should change quickly. 

The paper does not indicate what should done, yet some lesson 
should derived from these tests show what the practice ought 
be, for engineers not want build for only ten, fifteen even 
twenty-five years. 


Am. Soc. E.—In New York City the general 
practice protect from moisture quite effectively certain parts 
the steel work office buildings. Most the grillage foundations, 
for instance, are bedded concrete, and frequently the metal surfaces 
are also plastered. The wall columns, many cases, are only 
protected paint, but other cases there special protection. 

the St. Paul Building, for instance, there tile casing around 
the columns and also coating asphalt, some kind fibrous 
material wrapped around them. 


Jun. Am. Soc. E.—The author states that 
these experiments the plates exposed fresh water were placed verti- 
cally, while those exposed salt water were placed horizontally. 
Was there any special reason for placing the latter? There would 
necessarily deposit silt the upper surfaces these plates 
which would measurably protect the coating. would also prevent 
the growth oysters, barnacles, seaweed, etc., which will not grow 
surfaces where they cannot get firm hold. Moreover, the silt 
deposit would not necessarily uniform all the plates, that they 
would not all have the same degree protection. 

This being true, would not more uniform conditions secured 
placing all the plates vertically? 

protective coatings for iron one great depth, the surface which 
has been little more than scratched. The universal use iron, for 
such diverse purposes divides the subject into number problems 
according the exposure which the iron subjected. 

The protection ironwork exposed ordinary out-of-door condi- 
tions sunshine, rain, dew and variations temperature the most 
usual problem. The protection ironwork the indoor exposure 
incident the roofs trainsheds, foundries, shops and other manu- 
facturing establishments, presents another and very different problem, 
wherein the absence the direct heat and light the sun, and the 
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drenching rain, offset the presence deleterious and corrosive Mr. Tatnall. 
gases. The protection the skeletons steel-framed buildings forms 
third distinct problem. 

Two other very similar problems, and very dissimilar the others, 
are the protection ironwork submerged water, and ironwork 
alternately submerged and exposed, the tides. 
These problems present such dissimilar features that the results 
tests under one, can means taken more than indication 
possible results under one the others. 

This paper presents some valuable and instructive data relative 
the protection iron completely submerged. 

Charles Dudley, Am. Soc. E., Professor Spennrath and 
others have shown the effect submersion water linseed oil 
film, manifested the softening, wrinkling and loss adhesiveness 
the film. This receives abundant confirmation the blistering and 
separation the coats, frequently noted. 

far the greatest enemy paint coatings iron the well- 
known and uncontrollable propensity the metal rust when the 
presence oxygen and moisture, which fierce produce, 
some sort endosmotic and exosmotic action, the rusting the iron 
and deposition the oxide the outside, through the pores 
tective coatings other metals, such tin, iron 
will not rust atmosphere pure oxygen, nor will rust when 
immersed distilled water, and questionable whether the scanty 
amount air ordinarily held suspension river sea water would 
sufficient make the test severe would under conditions 
part wet and part dry, even under those ordinary outdoor expos- 
ure. support this, can stated that similar plates, the 
knowledge the writer, covered with two coats some the same 
paints mentioned these tests, passed complete destruction 
from months ordinary outdoor exposure. 

Almost invariably, the protective value, iron, good paint, 
destroyed outdoor exposure the penetration moisture and air 
through the pores the coatings; causing the formation rust spots, 
microscopical first, but increasing size and number, and spread- 
ing and joining together under the film, until thrown off flakes 
shreds, long before its good qualities paint have disappeared. 
this account, the very able prize essay Professor Spennrath, com- 
plete and exhaustive is, relation the paint film, useless 
regards the protective value that film the iron beneath it. 

The large number samples, these tests submerged exposure, 
which was noted that the coatings had been destroyed and very 
little rusting manifested, would seem indicate that the pro- 
cesses destruction were different this than other exposures. 
The film seems have been destroyed before the rusting commenced, 
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Mr. Tatnall. but how? The almost invariable presence blisters, separation 
the two films from each other and from the metal, shows conclusively 
the same softening, loosening, and wrinkling action these films, 
occurred the case linseed oil films glass submerged water, 
the experiments Dr. Dudley. But has certainly not extended 
far effect complete separation the films from each other 
from the metal, some half-peeled remnants would have been found. 

The absence any explanation for this rustless destruction the 
film submerged tests, well certain unexplained phenomena 
occurring ordinary outdoor exposure, suggests the query, does lin- 
seed oil, complete oxidation, long submersion, the presence 
the naturally occurring chemical reagents, the combination 
any all these causes, become any extent soluble water? 

Although the varnish gums are exceedingly unreliable and uncer- 
tain, whether used wood iron, ordinary exposures, seems 
shown clearly these tests that the addition the best them 
linseed oil great benefit the latter resisting the soaking 
destruction submersion, whatever influences this may caused. 
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Discussion.* 


Assoc. Am. Soc. E.—There are, perhaps, few Mr. Hazen. 
materials about which more different opinions are held than quick- 
sand. good definition this substance greatly desired. 
This paper contains definition quicksand which differs consider- 
ably from the idea which the speaker has entertained, and will 
present briefly the idea which has held, with the hope starting 
discussion leading something more definite upon this subject. 

Mr. Landreth’s definition quicksand is: mixture rounded 
particles sand and clay, the sand predominating.” 

The speaker’s idea quicksand is: even-grained sand, containing 
for the time more water than would normally contained its voids, 
and, therefore, with its grains held little distance apart, that they 
flow upon each other readily. The sand may either coarse fine, 
generally extremely fine. the speaker’s idea that quicksand 


*This discussion (of the William Landreth, Am. Soc. E., printed 
the Proceedings December, 1899) printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior March 30th, 1900, will printed 


later number Proceedings, and subsequently the whole discussion will published 
Transactions. 
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general contains clay. may that some materials contain 
little clay, and still act quicksand; but, so, that they act 
quicksand notwithstanding the clay, and not because it. material 
containing clay particles considerable quantity cohesive and im- 
pervious. Water may press out shape, make cracks and 
rush through it. Under some conditions the whole mass, under heavy 
pressure, may flow slowly like molasses, but with water will never 
make intimate mixture capable flowing through small openings 
and behaving much like water, which the characteristic property 
quicksand. 

The sand mechanical filter good illustration quicksand. 
The sand placed tub, with screens other drainage apparatus 
the bottom. The water flows downward through the sand during 
filtration. Occasionally, the flow reversed wash the sand. When 
the current downward the sand firm, and remains firm after 
drained. one steps upon the track hardly shows. When the 
sand washed upward current, lifted the water, and 
occupies, perhaps, 10% more volume than did with the downward 
current, and this condition suspended the water, and 
soft that stick can pushed into with but little more resistance 
than would offered much water. 

the voids the sand are increased, the friction greatly 
reduced, until point reached where the friction just balances the 
excess weight the sand over water, and this condition may 
maintained indefinitely, the upward current water just sufficing 
hold the sand state suspension. 

this condition ideal quicksand. The phenomenon precisely 
the same whether the sand wind-worn spherical grains the 
most angular grains crushed quartz. either case the sand 
made quick the passage upward through current water 
rapid that the friction which encounters more than equals the 
weight the sand, and result the sand lifted. the upward 
rate were somewhat less, the weight the sand would exceed the 
friction, and the sand would not become quick, but would remain 
solid and firm, with the downward current. 

The upward velocity required lift sand this way direct 
function the size the sand grains, and can computed. The 
sand used mechanical filters has effective size from 0.40 
0.60 mm., and the velocity used washing such that the friction 
more than equal the excess weight the sand over water, but 
not three times great. were, some the sand would carried 
away. 

Table No. shows the computed velocities which the friction 
equals the excess weight sands various grain sizes, or, other 
words, the velocities which the sands will just lifted. 
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Various GRAIN 


temperature 50° Fahr. 


Velocity solid column Velocity solid column 
Effective size sand. water, meters water, inches 
per hours. per hour. 
0.50 250 410 
160 262 
0.30 * 90 148 
40 65 
0.9 1.5 


This table, perhaps, gives indication the reason why quick- 
sands are usually fine sands. The finest mortar sand has effective 
size from 0.30 mm. lift it, requires upward velocity 
from ft. per hour, velocity greater than those which gen- 
erally occur the ground water about excavations. That say, 
sand this coarseness will only act quicksand where the ground- 
water currents are unusually strong. With sand diameter, 
only ins. per hour required lift it—a velocity which 
probably quite common—while the lower velocities and 1.5 ins. 
per hour, required lift sands with effective sizes 0.05 and 
0.03 mm., respectively, are almost sure exist where excavations are 
made below the ground-water level pervious materials; and where 
sands these sizes exist they are almost sure act quicksands. 

There condition which may make sand quick which first 
sight would seem different from that mentioned above, but which 
reality but variation it. when sand apparent equili- 
layer sand with effective size 0.05 mm. and deep, which 
the voids are 42%, entirely filled with water. The grains are not 
very stable equilibrium, and this sand capable being compacted 
40% voids. Asmart blow sudden pressure will disturb the 
equilibrium, and the sand will suspended the water which 
contains. will shrink going from 40% voids; and, 
under the conditions assumed, perfectly drained the bottom, half 
hour will required for the excess water drain out it. 
During this time will quicksand. This phenomenon may seen 
many lake shores where the sand held full water capillarity, 
but this case the sand usually coarser, and the length time that 
remains quick but fraction the above, perhaps only 
minute two, even less. 

number samples material, presumably quicksand, obtained 
borings connection with some the deep waterways investiga- 
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tions, and which were labeled mixtures clay and sand, have been 
handed the speaker Mr. North. Under the microscope 
these materials proved entirely free from clay, and consist 
particles from 0.03 0.10 mm. diameter, having effective sizes 


0.04 mm. Ninety per cent. more will sieve 


with 200 meshes per lineal inch. These materials contain little lime, 
but, far this the case, the speaker inclined think that the 
lime tends rather keep them from acting quicksand than 
otherwise. 

The question may raised the propriety extending the 
name sand these extremely fine materials. Materials these 
sizes occur quite freely Nature, which the particles are mostly 


Silica, occasionally with mixture hard silicates. Under the micro- 


scope they appear precisely like sand. The particles are angular, the 
arrangement the particles and the percentage voids are substan- 
tially the same with coarse sands. The relation these materials 
ordinary sand much the same that sand gravel, but 
not correct speak sand fine gravel, and may not correct 
speak these materials fine sand. The dust and sand 
dust have been suggested, but they imply dryness, and not seem 
suited quicksand. The word silt also used, but this suggests 
somewhat different meaning. Microscopic sand would perhaps 
better term. 

Clay entirely different substance. Mr. Wiley,* Chemist 
the United States Department Agriculture, makes the following 
statement regard the properties clay: 

The percentage pure clay about 75% natural clays, 
heavy clay soils, and 15% ordinary loamy soils. When freshly 
precipitated brine gelatinous, resembling mixed precipitate 
iron and aluminum oxides. Its volume greatly contracts drying, 
clinging tenaciously the filter, from which may freed moist- 
ening. drying becomes hard, infriable and often resonant. 
usually possesses dark brown tint, due iron oxide. Under the 
action water swells like glue, the more slowly the percent- 
age ofiron greater. the dry state adheres the tongue with 
great According Whitney the finest particles colloidal 
clay have diameter 0.0001 mm. With magnifying power 350 
diameters, however, Hillgard states that particles can 
discerned.” 

The clay particles are tens, not hundreds, times smaller than 
the smallest sand grains here considered, and differ from them, both 
physically and chemically. 

the speaker’s impression that there good deal looseness 
distinguishing between clay and microscopic sand. Sand often 
fine not gritty, and when moist has many the proper- 
ties clay. differs from clay its lack adhesion when dry. 
very small percentage clay, however, makes adhesive. 

The Principles and Practice Agricultural 282. 
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The speaker thinks that many instances microscopic sand, either Mr. Hazen. 
entirely nearly free from clay, has been mistaken for clay. far 
knows, nearly all clay contains more less microscopic sand, 
and the percentage sand may become quite large before ceases 
called clay. The microscope once reveals the difference between 
clay and sand, and there good reason for confounding them. 

Am. Soc. (by letter).—In discussing Mr. Rafter. 
this paper the writer recognizes that Mr. Landreth was not any 
degree responsible for the plans adopted, but that historian 
merely what, for lack thorough knowledge the conditions, 
turned out exceedingly unsatisfactory piece construction. 

why this particular construction was unsatisfactory, the 
writer will not now attempt determine. The discussion that 
question pertains rather broad history the Erie Canal, which 
the results many years management great public work 
political lines are traced final philosophical conclusions. This part 
ofthe subject extreme interest and could expanded indefinitely. 
Nevertheless, the writer leaves untouched any further than 
remark that the absence systematic boring records along the Erie 
Canal probably led some serious errors omission. 

The methods finally adopted are detailed clearly the paper. 
Taken conjunction with the long struggle against the inevitable, 
which preceded their adoption, they have seemed the writer 
indicate that, from first last, this work was conducted experi- 
mental lines purely. Apparently, one quite grasped the real scope 
the problem presented. order indicate the basis for this 
position, let outline the physical conditions met. 

indicated the paper, the varies depth from ft. 
Beneath this found soft clay depth ft. from surface 
ground. The surface soil swamp muck. 

Such conditions indicate clearly that margins excavations should 
kept clear extraneous loads. Nevertheless, shown the 
photographs, this precaution was ignored. after year’s 
experience the contractors were allowed weigh down the margins 
drainage ditches with freshly excavated material. The sliding 
the banks these ditches therefore merely illustration that like 
causes produce like results. 

clear the writer, therefore, that the first thing done 
was clear the margins excavated material. The next step was 
remove the muck above the marl for some distance back either 
side the main channel. After this was done the deepening the 
channel, even for several feet, would have been very simple matter. 
The slopes would properly have been made flat, this system 
construction. 

embankments over such material are necessary, the proper pro- 
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cedure strip the for 100 ft. each side the channel, 
and construct the embankment with berm ft. wide the 
inside. this way the writer believes that canal can generally 
constructed through marl without special extra expense, other than 
for wide right way. the present case, deemed necessary 
maintain towing paths the original lines, timber platform 
piles will answer every purpose. 

From near the foot Cayuga Lake some distance below 
Mosquito Point, Seneca River flows over marl beds, and from the New 
York Hudson River Railway Viaduct Mosquito Point, 
new channel was cut this material about years ago. This 
channel extends from ft. into marl, and its banks stand 
slope about 1858, thereabout, new channel for 
Canandaigua Outlet was also cut through Seneca River marl the 
vicinity Montezuma Aqueduct, which has not given any trouble 
the rising the bottom, such perplexed the Erie Canal engineers 
Warners, 1896-97. The writer cannot but think, therefore, that 
study the extensive work actually carried out marl the 
vicinity Jordan Level, would have indicated the proper methods 
construction use that material. 

regard the expensive method piling and cross-bracing 
finally adopted, the writer understands that has been only moder- 
ately effective. Slides the slopes still occur. As. the extent 
these, hoped that Mr. Landreth will give account his final 
discussion. 
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MINUTES MEETINGS. 


THE SOCIETY. 


March 7th, 1900.—The meeting was called order 
Vice-President Rudolph Hering the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

paper Charles Marx, Am. E., Charles Wing, 
Assoc. Am. Soc. E., and Leander Hoskins, E., entitled 
Experiments the Flow Water the Six-Foot Steel and Wood 
Pipe Line the Pioneer Electric Power Company Ogden, Utah, 
Second Series,” was presented abstract Emil Kuichling, Am. 
Soc. E., and was discussed Messrs. and 
Whipple. 
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Ballots were canvassed and the following candidates declared 
elected: 


MEMBERS. 


CLARENCE BELL, New Orleans, La. 
ARNOLD Parral, Mex. 

CHARLES St. Louis, Mo. 

Joun Willets Point, 

Parker, Boston, Mass. 


MEMBERS. 


Harry Cory, Columbia, Mo. 
Morris San Francisco, Cal. 

Evans, Boston, Mass. 
THEODORE Charleston, Va. 
Henry New York City. 

Rosert Woops, Wabash, Ind. 


Announcement was made that the following candidates were elected 
the Board Direction, March 6th, 1900: 


ASSOCIATE. 


Gustav New York City. 


JUNIORS. 


New York City. 
Enos, New York City. 
Sault Ste. Marie, Mich. 


The Secretary announced that the meeting the Board Direc- 
tion, March 6th, 1900, the ballot the reconsideration ALLEN 
Hazen was canvassed, and that Mr. Hazen was declared elected 
Member the Society. 


The Secretary announced the death Ernest Grey elected 


Associate Member May 3d, 1893; Member October 5th, 1898; died March 
6th, 1900. 


Adjourned. 


March 21st, 1900.—The meeting was called order 8.40 M., 
Vice-President Rudolph Hering the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

paper George Webster and Samuel Tobias Wagner, Members 
Am. E., entitled History the Pennsylvania Avenue Subway, 
Philadelphia, and Sewer Construction Connected Therewith,” was pre- 
sented Mr. Wagner, and illustrated with lantern slides. 

The subject was discussed Messrs. Charles Macdonald, 
Gildersleeve, Boller, Buck, Lowinson, Rudolph Hering 
and the authors. 

The Secretary announced the death Dorsey, 
elected Member June 4th, 1879; date death not known; and 


Erwarp elected Member September 5th, 1883; 
died December 21st, 1899. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


March 6th, 1900.—The Board met 8.45 Vice-President 
Hering the Chair; Charles Warren Hunt, Secretary, and present also 
Messrs. Bensel, Buchholz, Deyo, Knap, O’Rourke, Ricketts, Seaman, 
Turner and Whinery. 

report was received from the Library Committee, and the Com- 
mittee was authorized prepare and publish Catalogue the 
Library. 

Ballots were canvassed the matter the reconsideration the 
ballot the application Allen Hazen for admission Member, and 
Mr. Hazen was declared elected. 


Applications were considered, and other routine business transacted. 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


MEETINGS. 


Wednesday, April 4th, 1900, 8.30 M., regular business 
meeting will held. Ballots for membership will canvassed, and 
paper William Landreth, Am. E., entitled, Re- 
cent Stadia Surveys: Notes Relating Methods and 
will presented for This paper printed the 
number Proceedings. 


Wednesday, April 18th, 1900, 8.30 M., regular meeting 
will held, which paper George Rafter, Am. Soc. 
E., entitled, the Flow Water over will presented 


for discussion. This paper printed the current number 
Proceedings. 


Wednesday, May 2d, 1900, 8.30 M., regular business 
meeting will held. Ballots for membership will canvassed, and 
tical Column under Central and Eccentric Loads,” will presented 


for discussion. This paper printed the current number 
Proceedings. 


ANNUAL CONVENTION. 


The returns far show that persons connected with the Society, 
accompanied guests, total 102, will sail from this country 
time present the Convention. Many our foreign members 
also, have stated that they will attend. The Publication Committee 
now has under consideration, and will soon announce, several subjects 
for discussion the Convention. choosing these subjects effort 
will made select such will interest engineers both 
countries, for the purpose securing interchange views. 
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possible. 
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(27 World and En- 
neer, New York City, 

(28) Industries and Iron, Eng- 


(29) Arts, London, 


ngla 
(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construe- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York City, 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa. 


(46) ific American, New York City, 


(47) Mechanical Engineer, Manchester, 


Englan 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) fir Bauwesen, Berlin, Ger- 


any. 
(50) Stahl und Duesseldorf, Ger- 
(51) Bauzeitung, Berlin, Ger 
(52) Rigasche Industrie-Zeitung, Riga, 


(53) Zeitschrift In- 
genieur und Architekten Vereines, 
ienna, Austria. 
(54) Den Tekniske Forenings Tidsskrift, 
Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Tidskrift. Stockholm, Swe- 


en. 

(57) Christiania,Norway. 

(58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 

(59) Transactions, Mining Institute 
Scotland, London and 

(61) Proceedings, Western Railwa Club. 
225 Dearborn St., Chicago, 25c. 

(62) Manufacturer and 

World, Ninth St., Pittsburg, Pa. 

(63) Minutes Proceedings, Inst. E., 

London, England. 
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CURRENT TECHNICAL LITERATURE. [Society 


LIST ARTICLES. 
Bridge. 


The Kaisersteg Bridge. (14) Feb. 17. 

Swing Bridges over the River Weaver. (11) Feb. 

Counterbalanced Swing Bridge. (40) Feb. 16. 

New Viaduct Construction the Railway. (18) Feb. 17. 

Operating Mechanism, Duluth and Superior Swing Bridge. (14) Feb. 22. 

‘Transfer Bridges. (11) Feb. 23. 

The New Colenso and Frere Bridges. (12) Feb. 16. 

The Bridge, Ottawa, Canada. (14) March 10. 

The Cuyahoga River Rolling Lift Bridge. (14) March 

for Erecting the Manhattan Towers and End Spans, New East River Bridge. 

Bridge Across the Mississippi River St. Paul, Minnesota. Moving 
three 140-Foot Spans. Munster. (1) Jan., 1900. 

Pont Jonction Centrale Partielle sur Chéliff, (Algerie) Dumas. (33) Feb. 

Ponts Roulants Electriques. (34) Serial beginning Jan., ending 1900. 

Pont-Canal Briare. (35) Serial beginning Jan., ending Feb., 1900. 


Electrical. 


Proposed System Units. Professor Reginald Fessenden. (27) Feb. 24. 

The Future Electrical Supply. Alton Adams. (9) March, 1900. 

The Drop Alternating Current Wires. Cecil Poole. (27) Feb. 24. 

American Electrical Engineering Standardization. Guilbert. (27) March 

Electrical Engineering Plant. Percy Sheldon. (12) Feb. 

eb. 

The Facilities Afforded the U.S. Office Standard Weights and Measures for the 
Verification Electrical Standards and Electrical Measuring Apparatus. Frank 
Wolf, March 10. 

Central Distributing Station the Philadelphia Electric Company. (27) Feb. 24. 

Bromley Electricity Works. (26) Feb. 16. 

English Direct-Current High Tension Central Station. (27) Feb. 17. 


Lighting Stations St. Lukes, Clerkenwell and Wandsworth. (11) 


City Road Electric Supply Station. (12) Feb. 23. 

Recent Papers the Commutation the Direct-Current Dynamo. (26) Serial 
beginning Jan. 12, Feb. 23. 

Some Notes Balancing and Boosting Sets. Wightman. (26) March 

Minimum Length for Bar Winding End Connection. Charles Simons. (27) March 

Transformer for Furnishing Large Currents, (13) March 

Economic Equipment Electric Stations. Alton Adams. (27) March 

The Nernst Lamp. (27) March 

The Effects Lightning upon Electric Lamps. (12) Feb. 16. 

Fire Alarm and Police Telegraph System, Los Angeles. (27) Feb. 17. 

Cincinnati Walnut Hills Telephone Exchange. Hall. (27) March 10. 

The Possibilities Wireless Telegraphy. (42) Dec., 1899. 

Trolley-fed Automobiles France. (27) March 10. 

Motors for Electric Automobiles. (27) March 10. 

Operating Costs Horse and Electric Delivery Wagons New York City. Geo. 
Sever and Fliess. (42) Nov., 1899. 

Electric Automobiles. Elmer Sperry. (42) Nov., 1899. 

Electric Lighting Railway Carriages. (12) March 

Electrical Engraving Process. N.S. Amstutz. (27) Feb. 17. 

Apparatus for Finsen Phototherapy. Benolide. (27) March and 10. 

Electricity Coal Mining. John Price Jackson and Frank F.Thompson. (62) Serial 
beginning Feb. ending Feb. 22. 

Application Distribution par fils Traction Electrique sur Routes; Systéme 
Lombard-Gerin. Tedesco. (36) Feb. 25. 

Transmission Force par dans les Usines Filature Tissage Coton 


pour les Transports Automobiles sur Routes. Ch. Dantin. (33) 
eb. 10. 


Marine. 


High Speed Steam Launch. (11) Feb. 

The New Dutch Ironclad Koningen Regente. (12) Feb. 

Viper. (28) Feb. 16. 

Torpedo Boat Destroyer Viper with Parson’s Turbines. (11) Feb. 16. 

Shipbuilding and Marine Engineering 1899. Benjamin Taylor. (9) March, 1900. 

The Distribution the Upper Works Large Steamers. Samuel 
Theable. (12) Feb. 

The Diameter Propeller Shafts. (11) March 

The Electric Process Annealing Armor Plate the Construction War Ships. 
Charles Dougherty. (2) Feb., 1900. 

Les Navires Brise-Glace. Hachebert. (33) Feb. 24. 

Nouveau Type Gouvernail Equilibré. Feb. 24. 

Note sur Construction des Navires Combat. Chasseloup- 
Laubat. (32) Feb., 1900. No. 
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CURRENT TECHNICAL LITERATURE. 


Mechanical. 


The Economy Economizers. Alton Adams. (10) March, 1900. 
and Hot Water Boilers for Heating Purposes. James Mackay. 
13) Feb. 15. 

The Westinghouse-Parsons Steam Turbine. (25) March, 1900. 

300-H.-P. Laval Steam Turbine Motor. Lindmark. (56) Feb. 10. 

The Ball Tandem Compound Engine. (14) March 

Dynamo Engine without Separate Flywheel. Collischonn. (48) 
17. 

Steam Engine Building Switzerland. (9) March, 1900. 

New Balanced Piston Valve. William O’Brien. (47) Feb. 24. 

New Valve Gear. (47) Feb. 24. 

New Valve Gear for Steam Engines. (13) Feb. 15. 

The Future Development the Steam Engine. Alfred Saxon. (47) Serial beginning 
Feb. 17, ending Feb. 24. 

Test Electric Generating Set the State, War and Navy Building, Washington. 
Baird. (14) Feb. 

Trials Two Pumping Engines. (12) Feb. 

The Diesei Oil Engine. (24) Feb. 19. 

First Gas Motor Blowing Engine. (62) Feb. 15. 

Test 125-Horse-Power Gas Engine. Robertson. (47) Serial beginning Feb. 
ending Feb. 10. 

Notes Producer Gas Fuel. (62) 

New Austrian Motor Car. (28) Feb. 16. 

The Balmoral Motor Char.a-Bane. (28) Feb. 

Variable Speed Power Transmission Apparatus. (13) March 

The Oliverson-Killingbeck Variable Speed Gear. (28) Feb. 16. 

Standardizing Screw Threads. (62) Feb. 15. 

Friction Engine Packing. (22) Feb. 

Endless-Rope Haulage the Coke Ovens the Rochling Works. Herr Weihe. (22) Feb.9. 

Benzine Locomotive for Mine Haulage. (22) Feb. 

Wire and Wire Drawing. Dixon Brunton. (28) Feb. 

American Wire Rod Rolling. (40) Feb. 15. 

The Most Perfect Machine Burr. (40) Serial beginning Jan. ending Feb.15. 

The Modern Machine Shop. seph Horner. (10) March, 

The Principles Refrigeration. George Richmond. (10) March, 1900. 

Air Machine the University Michigan. Alfred Davenport. (13) 

arch 

Air Lubricant. Herman Heichert. (13) March 

Machine for Drawing Seamless Steel Tubes with Longitudinal Ribs. (13) March 

Graphical Treatment Helical Springs. Edward Grafstrom. (25) March, 1900. 

Pneumatic Dispatch. Wilson. (11) March 

The Longworth Power-Hammer. Ernest Samuelson. (11) March2; (12) March (22) 
March (47) March 

Portable Pneumatic Tools. Ewart Amos. (11) March March 

The Bessemer Process Used for Castings. Rott. (48) Feb. 

The Engineering Laboratory The Royal Technical Highschool Hanover. 
Frese. (48) Serial beginning Feb. 17, ending Feb. 24. 

Transportation Ore and Coal. (50) Feb. 

Automatically Registering Meteorological Instruments. Rung. (54) Jan., 1900. 

Michelson’s Echelon Spectroscope. (11) Feb. 23. 

Variable Speed Gear. (12) Feb. 

The Lifting Power Air Propellers. William George Walker. Feb. 16. 

Electrolytic Process for the Production Copper Tubes. Sherard Cowper-Coles. 
(47) Serial beginning Feb. 10, ending Feb. 24. 

Générateur Vapeur Aquitubulaire Turgan. Morizot. (36) Feb. 

Dwelshauvers-Dery. (37) Jan., 1900. 

Les Turbo-Machines. Rateau. (37) Jan., 1900. 

Note sur des Efforts dans Moteur Oscillant. Ch. 
Chatelier. (37) Jan., 1900. 

Grue Pivotante Electrique 150 Tonnes Port Bremerhaven. (33) Feb. 

Grues Equilibrées pour Construction des Navires. (36) Feb. 25. 


Military. 


War Mechanism South Africa. George Ethelbert Walsh. (10) March, 1900. 
Scientific Sharpshooting. Horace Kephart. (10) March, 1900. 


Mining. 


The Real Error Survey. (45) Feb., 1900. 

Pillar Drawing. (45) Feb., 1900. 

Pit Props and Their Setting. Dickinson. (22) Feb. 23. 

Steel Headframes. (45) Feb., 1900. 

New Method for Working Deep Coal Seams. Chance. (22) March 

The Zellweger Roasting Kiln. (16) March 

Tipping Arrangement for Kibbles Working Guides. (22) March 

The Gold Zone Copalquin, Durango, Mexico. Frank Fowler. (16) Feb. 24. 

The Largest Collieries the United States. Burcham Harding. (16) Serial beginning 
Feb. 17, ending Feb. 24. 
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CURRENT TECHNICAL LITERATURE. [Society 


Municipal. 


The Relation Reservoirs Parks. (14) Feb. 24. 

The Distribution Gas Under Pressure. (14) March 10. 

Brick Pavements from Contractor’s Point View. (14) Feb. 24. 
Paving Brick and Brick Pavements. Daniel Luten. (14) March 


Railroad. 


Automatic Block Signals (18) Feb. 17. 

Electro-Pneumatic Interlocking the Boston Southern Station. (15) 
Serial beginning Jan. 26, ending Feb. 

The Locomotive—Recent Practice and the Future. Dean. (15) Feb. 16. 

Corrugated Fire Box, Return-Tube Locomotive Boiler. (25) March, 1900. 

Compound Locomotive for the Western Railway France. (11) Feb. 

Types Continental Meter-Gauge Engines. (21) March, 1900. 

Six-Coupled Engine, Midland and Southwestern Junction Railway. (12) Feb. 23. 

Locomotive Eccentrics. (25) March, 1900. 

Port Openings and Motion Piston Valves. (25) March, 1900. 

The Hardie New Valve Gear. March 

Run the North-Eastern Railway. Charles Rous-Marten. (12) Feb. 23. 

Portable and Collapsible Pile-Driver. (14) Feb. 17. 

Fifty-Ton Ore Car the Caledonian Railway. (15) Feb. 23. 

Westinghouse Friction Draft Gear. (25) March, 1900; (15) March 

New Union Station Dayton, Ohio. (15) Feb. 23. 

The Depew Shops the New York Central. (15) Feb. 16. 

The Oelwein Shops. (40) March (18) Serial beginning March ending March 10; 
(39) March, 1900. 

Stations and Buildings the Kaiser Ferdinand Reitler. 

Feb. 16. 

The Tunnel (Norway). Dolezalek (51) Serial beginning Feb. Feb. 17. 

Main Power Station and Transmission System the Metropolitan Street Railway Com- 
pany New York. (17) March 

Construction the St. Louis, Peoria Northern Railway. F.G. Jonah. (13) Feb. 15. 

Loop Construction the Rio Grande Western. (18) Feb. 24. 

Electrical Engineering the Brooklyn Heights Railroad. (15) Feb. 23. 

New England Suburban Railway. March 

High Speed Three-Phase Railway from Toledo Norwalk. (17) March 

Track Elevation Chicago. (13) Serial beginning Jan. 11, ending Feb. 22. 

Prices Street Railway Track Construction. John Brooks. (17) March 

Rail Steel, Its Chemistry and Heat Treatment. William Webster. (15) Feb. 16. 

Notes Electric Traction under Steam Railroad Conditions. Edward Boynton. 
(17) March (13) March 

Chemin Fer Tananarive Tamatave, Madagascar. Dumas. (33) Feb. 24. 

Methodes Nouvelles Chauffage des Trains Chemins Feren France. (36) Feb. 25. 

Les Transports Commun dans Paris Banlieue. Charles Jean. (33) Serial 
beginning Jan. 12, ending Feb. 16. 

Note sur Consolidation des Attaches dans les Traverses Chemins Fer Moyen 

Trénails. Cartault. (38) Feb., 1900. 


Sanitary. 


Street Cleaning Statistics for Forty American Cities. (13) Feb. 22. 

Street Ceaning London. (14) March 10. 

Refuse Destruction and Electric Lighting Bermondsey. (26) March 

Progress Drainage New Orleans. Alfred Francis Theard. (1) Jan., 1900. 

Large Storm Water Sewer. (14) March 10. 

The Clinton, Mass., Sewage Disposal System. (14) March 

The Iowa State College Sewage Disposal Plant. (14) Feb. 17. 

Sewage Disposal the Springfield Home, New Haven. (14) March 10. 

Obtained with the Ames Sewage Disposal Works. (14) Feb. 24. 

The Bacterial Treatment Crude Sewage. (12) March 

Bacterial Sewage Treatment, Oswestry, England. (14) March 10. 

Sludge Deposits the Experimental Coke Beds, London, England. 
13) March 

Les Puisards Chicanes les Puisards Rue. Stas. (30) Feb., 1900. 


Structural. 


Foundry Iron. Herbert Pilkington. (28) Serial beginning Feb. ending Feb. 16. 
Annealing Malleable Cast Iron. George Davis. (62) March 
The Resistance Cylindrical Tube Uniform Exterior Pressure. Meldahl. (55) 


an. 27. 

The Pressing Steel, with Especial Reference Economy Transportation. Henrik 
Loss. (47) Serial beginning Jan. 13, ending Feb. 17. 

The Heat Treatment and Micro-Structure Steel. (28) Serial beginning 
26, ending Feb. 

Some Practical Notes the Manufacture Steel the Basic Open Hearth. Thomas 
Turner. (22) Feb. 23. 


CURRENT TECHNICAL LITERATURE. 


Structural—(Continued). 


The Determination Graphitic Carbon Cast and Pig Iron. Allen Ford 
Bregowsky. (2%) Feb. 

The Flow Steel. Henrik Loss. (40) Feb. 15. 

The Talbot Steel Process the Pencoyd Iron Works. (14) Feb. 17. 

The Talbot Continuous Open-Hearth Steel Process. (22) Feb. 23. 

New Gas Crucible-Steel Furnace. (22) Feb. 

Elastic Slag-Wool Brick. Elhers. (22) Feb. 

The Computation Concrete Footings for Walls and Columns, March 

The Present Status Engineering Knowledge Respecting Masonry Construction David 
Molitor, Am. Soc. Jan., 1900. 

Tests Small Model Cement Arches Determine the Value Tie Rods. Daniel 
Luten. (13) Feb. 15. 

Retaining Wall Concrete with Metal Skeleton. (13) Feb. 15. 

The Designing Skew Connections for Roof and Bridge Work, Turner. (13) 
Serial beginning Feb. 15, ending Feb. 22. 

Preventing Condensation Windows. (12) Feb. 23. 

Steam Pipe Engineering. W.H. Wakeman. (10) March, 1900. 

The New Works the Coplay Cement Company. (14) Feb. 24. 

The Wandsworth Electricity Supply Station. (12) March 

The Designing Electrical Generating Stations. Roberts. (47) Feb. 17. 

Power Station the Third Avenue Railway, New York. (40) March 

The Works and Operations Palmer’s Ship Building and Iron Company. (22) Feb. 16. 

Passenger Station Springfield, Illinois Central Railroad. (13) 

arch 

Stables the Stern Country Estate. (14) March 10. 

Plumbing Fifth Avenue Residences, New York. (14) March 10. 

Model Tenements. (14) March and 10. 

Ventilation and Heating the Nashville Union Station. (14) Feb. 

Draughting Department, Union Iron Works, (14) March 10. 

Interesting Example Modern Blue Printing Room. (13) Feb. 22. 

Chimney the Paris Exposition. (14) Feb. 17. 

Resistance des Murs Briques. (33) Feb. 

Les Résultats Quelques Experiences sur les Bétons. Ch. Piens. (30) Feb., 1900. 

Ciment Portland Ciment Laitier. Gillis. (30) Feb., 1900. 

Mairie Brunoy (Seine-et-Oise). Breasson. (35) Feb., 1900. 

Tunnel Ronco (Italie). Travaux Reconstruction (33) Feb. 17, 

Cheminées Monumentales Champ-de-Mars. Conditions d’Etablissement des Deux 
Cheminées. Cheminée Suffren. Emile Cayla and Paul 
Lerolle. (33) Feb. 10. 


Topographical. 


Methods Determination Latitude, Longitude and Solar Time Reconnoissance 
Surveys. William Post. (13) March 


Water Supply. 


Electric Recording River Gauge. (14) March 10. 

Cost Hydraulic Power Switzerland. (14) Feb. 24. 

Water Power for Electric Traction, Isle Man Railways. (27) 

The Coolgardie Pipe Line. (14) Feb. 24. 

Cement-Lined Service Pipe and Lead Poisoning from Lead Pipe. (13) Feb. 22. 

The Goose-Neck Canyon Dam, (14) March 10. 

The Brightwood Reservoir, Washington, (14) March 

Constructing the Jerome Park Reservoir. (14) Feb. 17. 

British View Water Waste. (14) Feb. 17. 

Water Meters the Present Day with Special Reference Small Flows and Waste 
Dribbles. William (11) Serial beginning Feb. ending Feb. (47) 
beginning Feb. ending 10. 

The Efficiency Mechanical Filtration. (14) March 10. 

The Water-Works Merthyr Tydfil. (14) March 10. 

Essai Terminologie Hydrologique. Th. Verstraeten. (31) Fourth part, 1899. 

Quelques Considerations sur Production son application Stérilisation 
des Eaux. (32) Feb., 1900, No. 


Waterways. 


The Silting-up Lake McDonald and the Leak the Austin Dam. Thomas Taylor, 
Assoc. Am. Soc. (13) Feb. 22. 
6-Cubic Yard Dipper Dredge for Use the Great Lakes. (13) March 
the Southwest Pass the Mouth the Mississippi. (13) 
eb. 15. 
New York’s Canal Problem—A Discussion the Report the Advisory Committee. 
arch 
Dock Equipment for the Rapid Handling Coal and Ore the Great American Lakes. 
Arthur Johnston. (1) Jan.. 1900. 
Port d’Escale Zeebrugge. Ch. Piens. (30) Feb., 1900. 


Port Bilbao. Alfonso Dory. (31) Serial beginning fourth part, 1898, ending 
fourth part, 1899. 
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MEMBERSHIP—ADDITIONS. 


MEMBERSHIP, 


ADDITIONS. 


MEMBERS. 


Prin. Asst. Eng., Choctaw, Oklahoma and Gulf Co., 
Little Rock, Ark 
Hazen, 
Cons. Eng., St. Paul Bldg., New York City.. 
Willets Point, Borough Queens, Y..... 
City Engineer, Los Angeles, 
Division Eng., Boston Albany R., Room 372, South 
Station, Boston, Mass 
JoHN 
Consulting Eng., City Engineering Dept. (Res. 1016 West 
8th St.), Los Angeles, Cal 


Assoc. 


ASSOCIATE MEMBERS. 


Comstock, CHARLES WORTHINGTON, 


Prof. Min. Eng., Colorado State School 
Mines, Golden, Colo. (Res. 278 So. Lincoln 
Evans, 
Evans, Myron 
Nassau St., New York City .............. Assoc. 
Assoc. Prof. Civil Eng., Stanford Jun. 
Jun 
Crescent St., Middletown, Conn... ...... Assoc. 


JOHNSON, RANKIN, 
Chf. Asst. Eng., Mexican International 
GRIFFITH, 
Apartado 289, Mexico City, Mexico 
908 Lawyers’ Bldg., Newark, 


Woop, Sparrow, 


[Society 


Date 
Membership. 


April 
Feb. 
May 
Jan. 
Jan. 
Feb. 
Jan. 31, 
Feb. 
Aug. 31, 
Oct. 
Feb. 
Jan. 
Dec. 
Mar. 
Mar. 


1900 
1896 
1900 
1900 


1900 


1900 


1892 
1900 


1897 
1900 


1895 
1900 


1893 
1900 


1897 


1899 


1900 


1900 


1899 


1890 
1900 


Feb. 
June 
Mar. 
Mar. 
Feb. 
Mar. 
Feb. 1900 


Affairs. MEMBERSHIP—CHANGES ADDRESS. 


ASSOCIATE. 
Date 
GEORGE ADAM, Membership. 
Empire Bldg., Broadway, New York City............. Feb. 1900 
JUNIORS. 


Guy 


Graves, WILLARD 


Care Choctaw, Oklahoma Gulf Co., Shawnee, 


Howe, Epwarp, 


Chf. Eng., Wabash Bridge and Iron Works, Wabash, Ind.. Mar. 1900 


CHANGES ADDRESS. 


MEMBERS. 

CAPPELEN, FREDERICK WILLIAM ..... 501 Oneida Block, Minneapolis, Minn. 
WILLIAM ........... Pres. Atlantic Gulf Pacific Co., Engrs. 


and Contrs., 24th floor, Park Row Bldg., 

New York City. 

GRIMSHAW, WaLTER. ......:.Asst Eng., Public Works Dept. (Address, 
Australian Club, Sydney, W., 
Australia. 

R., Jersey Shore, Pa. 

.Care Geo. Good Co., Lock Haven, 


Pa. 

FREDERICK.......... First National Bank Bldg., St. Paul, 
Minn. 

......... Chf. Eng. Explorations, Isthmian 
Canal Comm., Cartagena, Colombia, 

THERON AUGUSTUS ......... Care Deshler, Chemulpo, Korea, 
Asia, 

CoFFIN Ventura, Cal. 

peg, Manitoba. 

Van FRENCH...... Chf. Eng. and Supt., Empire State Power 
Co., Amsterdam, 

C...... Battery Park Bldg., State St., New 


York 
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MEMBERSHIP—-DEATHS. 


ASSOCIATE MEMBERS. 


1425 Spruce St., Berkeley, Cal. 

JORDAN, WILLIAM FREDERICK. ..... Care Chief Engrs. Office, 
R., Grand Central Station, 
New York City. 

Eng. Tests, R., Broad St. Station, 
Philadelphia, Pa. 

Datus ........ Meigs St., Rochester, 

JUNIORS 

Care Jersey City Water Supply Co., 
Boonton, 

HERBERT .......... Asst. Eng. Imp. Water Supply, Bureau 
Highways, 418 City Hall, Philadel- 
phia, Pa. 

SANDFORD. 214 Summit St., Indianapolis, Ind. 


nois, Springfield, 


DEATH. 
Elected Associate Member May 1893; 
Member October 5th, 1898; died March 
6th, 1900. 
Epwarp Elected Member September 5th, 1883; 


died December 21st, 1899. 
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Vol. XXVI. MARCH, 1900. No. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 
Papers presented PAGE. 

Recent Stadia Topographic Surveys: Notes Relating Methods and Cost. 

the Flow Water Over Dams. 

The Practical Column under Central Eccentric Loads. 


Discussions Papers which have been presented 
River Hydraulics. 
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Vol. MARCH, 1900. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


RECENT STADIA TOPOGRAPHIC SURVEYS: NOTES 
RELATING METHODS AND COST. 


PRESENTED 4TH, 1900. 


Surveys determine the location possible reservoirs and conduit 
lines for furnishing water for the summit level, Rome level, the 
proposed Deep Waterway the Oswego-Mohawk-Hudson route were 
made under the direction the Board Engineers* Deep Water- 
ways, between August 1898, and June Ist, 1899. Rafter 
was Chief Engineer the Water Supply Divisions, with McClin- 
tock, Northrup and the writer, Members Am. Soc. E., 
Assistant Engineers. 

Mr. McClintock was charge the surveys the feeder line from 
Carthage Rome, Mr. Northrup was charge the base-line 
surveys the Salmon and Black Rivers, and the topographic work 


the latter stream near Carthage. The writer was charge the 


topographic work the Salmon River, the Black River beyond the 
limits Mr. Northrup’s survey, and portion the feeder line, 
branch Mr. McClintock’s main party. Mr. Failing was 


papers are issued before the date set for presentation and discussion. 
Correspondence invited, from those who cannot present the may 
sent mail Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 


Raymond, Alfred Noble and George Wisner, Members, Am. 


| 


219 


Elevation 953.0 
2 ‘ 
= 


PROPOSED SALMON RIVER RESERVOIR 


LANDRETH STADIA TOPOGRAPHIC SURVEYS. 


eq 
| A 


220 LANDRETH STADIA TOPOGRAPHIC SURVEYS. 


[Papers. 


transitman, and Mr. Parsons charge the office and map work, 
the writer’s party. 

Party and Outfit.—The party was composed 
assistant engineer charge, transitman, recorder, three more 
stadia rodmen, draughtsman, computer and two more axmen. 
When running spirit levels, Mr. Burns, head stadia rodman, was 
detached from the main party for that purpose. 

The outfit consisted transit fitted with non-adjustable stadia 
hairs, its horizontal limb reading seconds, and vertical are 
single minutes, one stadia rod for each rodman, Y-level and rod; 
large canvas umbrella, tin megaphone, 100-ft. steel tape, and the 
necessary office outfit drawing table, instruments, etc. The whole 
outfit had been use previously the surveys the main line the 
Deep Waterway. 

Field Work.—The method used the field work was 
that generally adopted surveys where the distances are taken 
stadia. The assistant engineer selected the base-line points 
occupied, and located the forward stadia points the circuits, 
cover the territory fully, and the party followed closely possible. 
Each rodman was given particular class objects locate; one 
following the streams, another taking contour points, another the roads, 
buildings, woods, ete. 

Each rodman worked independently, but when convenient all were 
kept the same side the transit, facilitate the reading and plot- 
ting the azimuths. early trial was made the method plac- 
ing all the rodmen one azimuth, taking readings each, and then 
moving all them ahead another azimuth; but was soon 
abandoned being productive vexatious delays. 

working streams considerable size circuit was run along 
one bank, and both slopes were worked from it, the party rodmen 
being divided between them. Wooded gorges were worked from cir- 
cuits the top each bluff, each slope being taken from the circuit 
the opposite bluff. When the large streams were frozen, circuit 
was run the ice, and both banks were located therefrom. Crooked 
unfrozen streams were located from circuit crossing them the 
bends, with rodmen each bank, the remainder the party crossing 
from point point boat. Long wooden slopes were taken from 
circuits along the top and foot thereof, and from short circuits con- 
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necting them, and spaced cover the territory fully. Two cor- 
ners each building were generally located, the rodman measuring 
the other dimensions with his rod and giving the data the recorder 
when passing him. 

All streams, roads, buildings, outlines woods, town and county 
lines and changes slope were located. The contour interval the 
surveys the Salmon and Black River reservoirs was ft., and 
the Fish Creek feeder line ft., with 2-ft. interval square miles 
near the dam site the Salmon River. 

rough ground the assistant engineer made field sketches stiff- 
backed pads cross-section paper, upon which governing points 
were located and numbered correspond with the numbering the 
‘shots locating them. was found that the making full sketches 
-all kinds territory greatly retarded the progress the field work 
without corresponding gain the rate mapping. 

Office Work.—At the close each day’s field work the field party 
reduced and checked the day’s stadia readings and vertical-angle ele- 
vations, and the office force calculated the latitudes and departures 
the stadia circuits. more field books were use one time, 
the recorder changing books each day and leaving the book the 
previous day for the use the office force. 

The mapping sheets were heavy mounted white paper, 
circuit lines were plotted carefully latitudes and departures, care 
being taken locate the working borders each sheet that the 
mapped surface would evenly balanced thereon. 

The sheets were lettered, inked and tinted correspond with the 
same class work done the United States Geological Survey. The 
scale the Salmon River and Black River maps and the 
Fish Creek map 

Description Territory.—The work the Salmon River consisted 
survey the valley that stream above the Salmon River Falls, 
for possible reservoir site. For mile above the falls the gorge 
the river from 400 500 ft. wide with steep banks from 100 
ft. high. 

the head the gorge the valley widens out, forming flats from 
miles wide, which extend about miles stream. 

The river flats are 900 910 ft. above tide water, the survey cover- 
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ing the country the 970-ft. contour. About 65% the area 
surveyed covered with small second-growth timber and swamps. 
The north slope the valley unbroken range hills, but the 
south slope broken, necessitating the careful location of, and spirit 
leveling over, several long dyke sites. range wooded 
hills, from ft. high runs lengthwise the valley the south 
side the river, for distance miles, with dense swamps between 
and the south side. The village Redfield, having population 
about 500, came within the limits the survey. 

The survey the Fish Creek Valley extended from miles above 
the village Williamstown miles railroad station 
Taberg, distance rail miles. The survey covered the flat 
portion the valley and the side slopes and tributary streams 
elevation ft. above the stream. The ground covered was mostly 
grazing and farm lands, 40% which was timbered. Below the 
village Camden the stream runs crooked gorge from 200 600 
ft. wide, having steep wooded walls from 150 ft. high, cut from 
open plain. The villages Williamstown, West Camden, Camden 
and McConnellsville lie within the area covered the survey. 

The survey for reservoir site the Black River covered the 
valley that stream between the villages Carthage and Lyons Falls, 
the 790-ft. contour. Carthage the sides the valley approach 
within 509 ft. each other, forming natural dam site, with rock 
depth. Above Carthage the valley widens out, until 
Castorland, miles stream, miles wide. Opposite the 
village miles from Carthage, the valley begins narrow 
up, and Lyons Falls, miles from Carthage, the sides close to- 
gether, forming falls ft. high. Three large streams enter the valley 
from the east, forming long tributary valleys. 

The river flats lie mostly between the 730 and 740-ft. contours; the 
river being canalized between Carthage and Lyons Falls, with dams 
and locks Otter Creek and Bushee’s Landing. 

About 25% the area covered the survey wooded, and the 
east side partly covered with granite boulders, ranging size from 
that barrel that average city block. 

area sq. miles above the 790-ft. contour was surveyed for 
relocatioa the Black River Division the New York Central and 
Hudson River Railroad, between the villages Carthage and Lowville. 
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Accuracy the Surveys.—As the use which the finished maps 
were put did not call for great accuracy the surveys, was 
not sought. The stadia circuits checked within ft. latitudes and 
departures, and within 0.50 ft. elevation, with permissible limit 
ft. the latter. The error closure the stadia circuits was 
30-mile spirit levels closed within 0.09 ft., being within 
limit error allowed the United States Geological Survey. 

Rate Progress and Cost.—Table No. gives the rate, area 
cost per square mile, and other data regarding the entire work. 


TABLE No. Cost anp Data THE THREE 


Cost 
Dec. 9th. 
is ec. 13t | ar ~ 
Feb. 3d. 
27th. 


The cost includes the salaries, maintenance, traveling expenses and 
supplies for the entire party, from the time leaving the main office 
until the completion the finished maps. 

The cost the base-line surveys for the Salmon River and Fish 
Creek work, and for one-third the Black River, not included 
the cost given. The area given the table that covered the 
writer’s party. The variation the cost and rate per square mile 
the several surveys probably caused the different conditions 
weather, foliage and territory covered them, and the increase for 
mapping the Fish Creek survey traceable the use 


contour interval and large map scale. 
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PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE FLOW WATER OVER DAMS. 


The classical experiments the late James Francis, Am. Soc. 
E., the flow water over sharp-crested weirs, extended our 
knowledge the general problem weir flow considerably and 
although Mr. Francis pointed out the fact that flow over sharp-crested 
weirs followed quite different laws from those flow over broad and 
sloping crests, nevertheless probably true that 95% all computa- 
tions flow over dams, made the United States the last twenty-five 


years—whatever the form crest—have been based upon Mr. Francis’ 


formula for sharp-crested weirs. far has this erroneous practice 


proceeded that engineers have even used Mr. Francis’ sharp-crested 
weir formula for computing flow over irregular profiles, because, 
cases litigation, Courts would accept the results without question. 
This the more extraordinary because Mr. Francis himself showed, 
his study the Merrimac Dam, the considerable variation flow 
resulting from change form crest. 
Probably the main reason engineers have gone far astray this 
question has been the nearly entire lack data applying various 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published the volumes Transactions. 
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forms crests. true that few advanced hydraulicians have dis- 
cussed the effect variations width crest, but has remained for 
Bazin, Inspecteur Général des Ponts Chaussées, elucidate the whole 
problem series masterly studies, which may found Annales 
des Ponts Chaussées for the years 1888, 1890, 1891, 1894, 1896 and 1898. 
These studies are, regards detail and minute research, unparalleled. 

Messrs. Fteley and Stearns,* have indeed shown the effect width 
crest discharge over weirs. Their experiments, while decisive 
for the cases studied, are still quite limited scope, but Bazin has 
determined coefficients for very large number cases, not only 
crests different widths, but with varying front and rear slopes, well 
for curved profiles. Indeed, taking into account the backward state 
knowledge flow over weirs, his work many respects revolu- 
tionary. Certainly, with the data now available, there excuse for 
using sharp-crested weir computations flow over various- 


shaped crests, irregular otherwise. 


making the foregoing comments, the writer has intention 
criticising the work others. Indeed, has himself groped blindly 
the dark this matter, other engineers have done. His intention 
present irrational practice saliently that—with the data now 
hand—from this time on, the use sharp-crested weir formulas for 
computing flow over weirs all sorts shapes will discontinued. 

illustration from the writer’s experience pertinent the dis- 
cussion. During the last twenty years has had occasion gauge 
streams extensively various parts the United States. Long ex- 
perience convinced him several years ago that sharp-crested weir 
formulas were not applicable dams with sloping crests, and accord- 
ingly, arranging for extensive series gaugings the Genesee 
River, over sloping-faced dam Mount Morris, New York, 1893, 

originally proposed for this dam Augustus Kibbe, Jun. Am. 
Soc. E., his report Genesee River Storage, John Bogart, 


Am. Soe. E., formerly State Engineer and Surveyor. 


1896, after the Genesee River gaugings had been progress 


Experiments the Flow Water, made during the Construction Works for 
Conveying the Water Sudbury River Fteley and Stearns, 
Transactions, Am. Soc. E., Vol. xii, 


+See Appendix Annual Report, State Engineer and Surveyor, for 1890, 
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the dam the Mount Morris Hydraulic Power Company for three 
years, weir was erected the Genesee River about 
miles above, where rock bottom clear across the river afforded 
opportunity for such construction without heavy expense.* 


TABLE No. 
Computed discharge|Computed discharge 
(1) (3) (4) (5) 
0.50 0.60 185 135 
0.70 0.83 310 330 6.0 
0.80 0.90 450 445 —1.0 
1.02 1,00 540 505 7.0 
1.86 1.55 325 260 5.0 
2.42 2.00 965 7.0 
2.65 2.50 250 239 
3.78 3.00 840 554 
4.37 4770 280 


Approximate; taken from curve. 


order correlate the measurements the Hydraulic Power 
Company’s dam with those the weir, observations were taken each 
place nearly cotemporaneously they could made man 
going immediately from one the other. Table No. gives some 
the heads actually observed the weir and dam, together with the 
discharge over the weir comparison with the computed discharge 
over the dam, and the percentage differences. 

The crest the Mount Morris Dam was quite irregular, and, 
order apply weir formulas, accurate profile was taken and the 
crest sub-divided into number approximately level sections with 
each section computed separately, advancing 0.1 ft. ft. 
The flow over the entire dam was obtained adding together the sums 
the several sections the corresponding heights, and tabulating 
them. The zero the gauge was the level the lowest section. 

The computed discharges, shown Columns (3) and (4), are 
somewhat irregular. This result due the disturbing effect the 
irregular sections the crest, the highest point which was ft. 
above the lowest. 


detailed description this weir see Appendix VII Annual Report, State 
Engineer and Surveyor, for 1896, pp. 715-19. 
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Column (5) shows the percentage variations between the discharges 
determined sharp-crested weir, 200 cu. ft. per second, 
and the discharges computed the formula cited. These data show 
once error judgment, excusable only because, previous the 
publication Bazin’s paper 1898, nobody knew how better. 

computing the Hudson River gaugings 1895, the writer used 
the formula General Mullins, fairly applicable broad-crested 
dam like that Mechanicsville, where Hudson River gaugings have 
been kept continuously from October, 1887.* 


August, 1898, the writer began extensive special investiga- 


tion water supply for summit-level canals the State New 
York, for the United States Board Engineers Deep Waterways. 
The magnitude the commercial interests involved justified most 
thorough study, and ‘the work was accordingly carried out 
extended scale. large collection new data has been obtained, 
which, permission the Board, the writer has the pleasure pre- 
senting the Society herein. 

the beginning the study was deemed advisable gauge 
number streams tributary proposed deep waterways Central 
and Eastern New York, not only with reference extending informa- 
tion the low-water flow the Oswego, Mohawk, Black and 
Hudson Rivers, but especially gain more definite information 
the flood these streams and their tributaries, being recog- 
nized clearly that the control floods canalized river-beds was 
serious feature the general problem. 

accomplish this, gauging stations were established Seneca 
River, Baldwinsville; Oswego River, Fulton; Chittenango Creek, 
Bridgeport; Oneida Creek, Kenwood; West Branch Fish 
Creek, East Branch Fish Creek, above Point 
Rock; Salmon River, above High Falls; Mohawk River, Ridge 
Mills, Little Falls and Rexford Flats; Nine Mile Creek, below Stitt- 
ville; Oriskany Creek, Oriskany and Coleman; Saquoit Creek, 
New York Mills; West Canada Creek, Dolgeville; Garoga Creek, 
miles above mouth; Cayadutta Creek, below Johnstown, and Schoharie 
Creek, Fort Hunter. addition, gaugings Hudson River, 
Fort Edward, and Schroon River, Warrensburg, 

*For this formula see Mullins’ Irrigation Manual, pp. 11-12, 138-139, 171-172. Also 
see Annual Report, State Engineer and Surveyor, New York, for 1895, 105-106; and 


Water Supply and Irrigation United States Geological Survey, No. 24; Water 
Resources the State New York, Part pp. 79-80. 
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stations established previously the writer, were available, well 
station established the Board Water Commissioners Watertown. 

The foregoing gauging stations are every case existing dams, 
either masonry timber. Several them, Baldwinsville, 
Fulton, Little Falls, Middleville, Dolgeville, etc., have extensive 
power devolopments, with large quantities water passing through 
turbine water wheels, for either the whole portion each day. 
Hardly any two cross-sections are alike, may sufficiently appre- 
ciated examining Figs. 20, although some them conform 
generally certain Bazin’s types, the illustrations. 
Finally, many them have gross irregularities the crests, longi- 
tudinally, shown. The method treatment, order obtain 
approximately correct results, becomes, therefore, matter some 
difficulty. few cases, Nine Mile Creek, West Canada Creek, 
where the crests were very irregular, small amount work was 
done the way leveling them. Generally, however, the crests were 
left nearly the same condition found, profile was carefully taken 
and the crest divided series approximately level sections for 
computation. gauging blank was furnished the gauge readers, with 
columns for entering depth crest dam, and M., number 
water wheels used, size same, name manufacturer and daily run, 
working head wheels, readings head-race and tail-race gauges, 
and other information necessary for keeping accurate account 
the water passing over the crest hours, well through water 
wheels for the same period. Gauge readers were employed take 
these readings twice each day. 

order obtain flows through water wheels, recourse was had 
records the test flume the Holyoke Water Power Company, 
Holyoke, Mass., where the principal wheels now common use 
New York State have, one time another, been tested. request- 
ing record such tests, applying wheels the several gauging 
stations, the Holyoke Water Power Company kindly responded that 
they would furnish the records under the condition not pub- 
lished unless the consent parties for whom the wheels had been tested 
were first obtained. This condition being assented to, information was 
furnished tests the principal wheels use, giving proportional 
part opening speed gate for various conditions tests, revolutions 
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wheel, quantity water discharged, power developed, efficiency, etc. 
From these records, wheel-discharge curves have been prepared for the 
water wheels use each dam. the use such curves, derived from 


tests, believed that the discharges through turbine water 


wheels the various gauging stations have been computed with very 
high degree accuracy. Under these conditions turbine water wheels 
become effect efficient water meters. few cases, where there 
were tests applying, the discharges per manufacturers’ tables 
have been used. The writer’s thanks are due the Holyoke Water 
Power Company for the courtesy furnishing these useful data. 

Before describing the method procedure for obtaining flows over 
dams the several gauging stations, may refer briefly some the 
more salient points Bazin’s papers Annales des Ponts Chaussées. 

the beginning his first paper, Bazin remarks that-the theory 
the weir the least advanced all branches hydraulics. The 
coefficients used practice vary between such wide limits that most 
cases are unable make rational selection from the many numer- 
ical values assigned them. 

The problem, says, fact complicated one, being connected 
the one hand with the theory flow through orifices and the 
other with that open channels. The value the coefficients each 
case influenced many elements. Thus ought consider: 

(1) The velocity approach; that is, the velocity with which the 
up-stream water reaches the weir, the effect which cannot neglected 
weirs small height. 

(2) The contraction the vertical section the stream the 
weir, the amount depending upon the height the weir and the form 
the crest. 

(3) The lateral contraction which, though unimportant weirs 
great length, seriously modifies the results shorter weirs. 

further condition, Bazin points out that when the down-stream 
channel has width the length the weir, that the overflowing 
sheet water, nappe, touches the sides, thus preventing free 
admission air under the nappe, there occur special phenomena 
greatly affecting the flow.* 

earlier papers are directed specially detailed investigation these 
cited. translation the earlier numbers has also been made Messrs. Arthur 


Marichal and John Trautwine. Jr., and found the Proceedings the Engi- 
neers’ Club Philadelphia for January, 1890; July, 1892; October, 1892, and April, 
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Bazin’s method experimentation may referred briefly. 
standard weir was set the head long chamber, which the 
actual volume passing over was measured sufficient number times 


give averages, which Bazin considers are accurate within 


ably less than per cent. Having established this way the values 
the coefficients for standard weir, with heads varying from about 
0.164 ft. 1.969 ft., the experiments weirs irregular profiles 
were made placing experimental weir below the standard weir, 
and observing the heads synchronously each. these experi- 
ments current was established the channel, and observations 
the known volume passing over the standard weir were made, which 
volume also passed over the weir under investigation, lower down. 

let Hand denote, respectively, the head upon the standard 
weir and upon the lower weir, their corresponding lengths, and 
and the coefficients discharge, and then, adopting provisionally 
Formula (1) for the standard weir— 


and similarly for the lower weir 


Equating these two values have 


from which deduce the value 


already stated, Bazin’s preliminary gauging operations gave, 
once for all, the coefficient for the standard weir for each value 


The ratio which very nearly unity, remained constant for 


all experiments any one series, and, therefore, have only 
measure the heads and order obtain the coefficient 

Fteley and Stearns experimented somewhat the the 
height the weir upon the flow, and probably interesting point 
any brought out Bazin’s extended discussion the considerable 
influence this element upon the flow. After presenting the detail 
experiments sharp-crested weirs various heights and for 
various heads between the limits stated, Bazin gives table values 
the coefficient for sharp-crested weirs, ranging height from 


q 
rar 
q 
4 


Papers.] RAFTER FLOW WATER OVER DAMS. 233 


TION, THE AIR BEING ADMITTED BENEATH THE OVERFLOWING 
SHEET 


Values the coefficient corresponding the height the weir 
above the bottom the channel. 


Limiting value 
efficient 


(2) (3) (4) (5) (6) (7) (8) 


0.656 


1.640 


3.52 


0.443 


0.4162 

4.01 3.79 3.60 


eet. 
0.164 0.448 0.448 
0.197 0.448 |0.4427 

| | 
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0.656 ft. 6.56 ft. (0.2 2.0m.). Column (11) Table No. gives the 
limiting value which equals the coefficient Bazin’s formulas, 
and which represents the value for weir infinite height, 
such height that the height the weir above the bottom the 
channel has further effect upon the flow. will seen 
examining this table, the influence beyond 6.56 ft. only slight. 

The formula for sharp-crested weir without end contractions, 
ordinarily used in.the United States, that Mr. Francis, namely: 


simple multiplication may express Bazin’s values terms 
the formula common use the United States. The values 
different heads the crest and for heights weir varying 
from 0.656 ft. 6.56 ft., and also for the limiting value may 
seen carried out Table No. 

regard the accuracy the coefficients given this table, 
Bazin remarks that, except the unusual case very low weir, 
which should always avoided, will give the coefficient within 
1%, provided, however, that the arrangements his standard weir 
exactly reproduced. also pointed out especially important 
that the admission air behind the falling sheet perfectly 
otherwise may vary within much wider limits. 


SECTION. 


The following statements have been condensed from Bazin’s paper 
Annales des Ponts Chaussées, for 1898. 

will now consider weirs which the back and front faces, 
instead being vertical, have batter greater less inclination. 
The conditions discharge will found greatly modified. 
The batter the up-stream side tends diminish the contraction 
passing over the crest, and hence increase the discharge. The 
influence the down-stream batter, the other hand, not always 
constant, but varies according the degree inclination. the 
down-stream face not far from vertical, the nappe adheres for 
small discharges, but becomes detached certain head and then 
follows the condition described wetted underneath, analogous 
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that which have studied for square timber weirs. If, the con- 
trary, the batter nearly horizontal, the nappe does not detach itself, 
but remains contact with the face the weir heads. The 
discharge may, however, vary greatly according the degree 
inclination the face. the other hand, the the 
width crest considerable, have seen the case weirs 
formed square timbers. Hence, weir with wide crest and 
inclined faces may present large variety results, each type hav- 
ing, speak, its own special scale coefficients. Such study, 
complete, must include very considerable number particular 
cases. Without embracing all possible cases, the experiments made 
have been somewhat numerous. They include weirs with different 
degrees batter the front and back faces, and having sharp crests, 
the one hand, and the other, crests 0.10, 0.20 and 0.40 
width (0.328, 0.656 and 1.312 ft., respectively). 

Some additional experiments have been made weirs having crests 
joined the inclined faces curved surfaces, and, finally, weirs 
having completely curved profiles have been experimented upon. 

may divide the numerous series experiments into five groups, 
namely: 

(1) Weirs nearly vertical the down-stream side that the nappe 
remains detached. 

(2) Weirs having the up-stream face vertical, nearly vertical, but 
with batter the down-stream face nearly horizontal that the 
water always remains contact. 

(3) Weirs both faces which are inclination differing from 
the horizontal less than degrees. 

(4) Weirs which the crest joined the inclined faces curved 
surfaces. 

(5) Weirs having completely curved profiles. 


First Group.—Weirs Having the Down-Stream Face Vertical Nearly 
Vertical. 


This group includes ten series experiments, the results which 
differ notably, according inclination batter and width crest. 


The values the coefficient which have been obtained for sharp- 


crested weirs, have been compared with those corresponding nappes 
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wetted underneath with sharp-crested weirs. Similarly, may 
compare conveniently the values obtained for weirs with crests 0.10 
and 0.20 wide (0.328 and 0.656 ft., respectively), with those for flat- 
crested beam weirs the same width the table.* 

The coefficients have been made follow uniform law, plotting 
the immediate results the experiments such manner that the 


head represents the abscissa and the ratio the ordinate point 


representing one the experiments. has been drawn 
the aid these points, and from this curve, drawn large scale, 


values the ratio have been taken, corresponding, roundly, 


abscissas 0.10 m., 0.15 m., (0.328 ft., 0.492 ft., the ex- 
periments terminate with nappes wetted underneath, but the discharge 
for these, well for depressed and adhering nappes, shown the 
table, the nature the nappe each case being indicated the 
proper column. consider, first, sharp-crested weirs, perceive 
that the appearance the wetted nappe preceded the depressed 
nappe, imprisoning air between its under surface and the body the 
weir, excepting the case weir with face batter which 
permits the formation adhering nappe. When once the wetted 
nappe established, its coefficient does not differ greatly from that for 
sharp-crested weir, excepting the cases where the batter the 
back 3:1 and 3:2, when greater. For weirs with flat crests 
0.10 (0.328 ft.) wide, the adhering form nappe appears when the 


up-stream face has batter 3:1 3:2. The ratio also 


modified, however, adherence the water the flat crest. Atthe 
moment when this adhesion ceases, the coefficient diminishes suddenly 
about per cent. This has taken place the two series, Nos. 133 and 
134, where the up-stream face vertical. the other series, the head 
has not been sufficiently large detach the nappe, and the coefficient 
remains, these experiments, greater value than would for 
beam weir which the nappe has become detached before the given 
head attained. 

Only one series experiments has been made weirs with crest 
0.20 (0.656 ft.) wide, the down-stream face being vertical and that 
the up-stream side batter 1:2. with the 


*See 159, Annales des Ponts Chaussées, Trimestre, 1898. 
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increased width crest the wetted nappe does not appear until quite 
late, and with coefficient notably diminished. clear that more 
extended experiments would have led all cases results differing 
similar manner from those for crests 0.10 width. Without 
going farther may say that, weir having the down-stream face 
nearly vertical, the wetted form nappe always appears cer- 
tain head has been attained. This limiting head varies with the in- 
clination the front and back faces, and never the same that 
which corresponds detachment the nappe from the crest, 
which also influences the value the coefficient. Each type weir 
requires special study, and, view the complexity conditions 
involved, impossible establish general formula for the dis- 
charge coefficient. 


Second Group.—Face the Weir the Up-Stream Side Vertical 
Nearly Vertical. 


Let now consider the case where, contradistinction the first 
group, the back nearly vertical and the down-stream face has con- 
siderable batter. For sharp-crested weirs with the up-stream face 
m 
being 1.13, 1.03, 0.90 and 0.84 for batters the down-stream face 
1:1,1:2,1:5 and 1:10, respectively. Where the up-stream face 
the few per cent. Turning the experiments 
weirs with crests 0.10, 0.20 and 0.40 (0.328, 0.656 and 1.312 ft., 
respectively) width, may seen that the coefficients increase 
with the head, Series No. 143 only showing, for the final values, 
rapid diminution, proving that the nappe has become detached. 
necessary, fact, order that the nappe shall become detached, 
that the head shall greater proportion the width the crest 
becomes greater and the slope the down-stream face more gentle. 
This limit has not, general, been reached the experiments, and 
the nappes remain attached the crests, excepting for Series No. 143 
(batter the down-stream side 1:1), where the detachment the 
nappe leads diminution the coefficient ratio from 1.21 1.14. 
The next series, No. 144, indicates also slight tendency the ratio 


vertical the ratio nearly constant for each series, the mean values 


decrease, the batter here being 1:2. This tendency entirely 
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disappears where the slope the down-stream face not greater than 
Omitting the results for the relatively small heads 
0.10 (0.328 ft.) less, where there are some irregularities, the 


increments the coefficient ratio for heads from 0.10 (0.328 ft.) 


the limits the experiments, are given for each series, com- 
parison with the results for weir with crest 0.10 (0.328 ft.) 


width, Series Nos. 133 and 134, and with those for 


weirs, 0.40 (1.312 ft.) and 2.00 (6.56 ft.) width, Series Nos. 113 
and 115. Such comparison shows, first, that for the same width 


crest, diminishes when the inclination the down-stream face 


gradually diminished below 45°; second, that, other things being 
equal, that say, for the same batters the two faces each 


case, the ratio diminishes when the width crest increased. 


Third Group.—Batter the Up-Stream and Down-Stream Faces Very 
Gentle, not Exceeding Degrees. 


Weirs encountered practice not often have nearly vertical 
faces like those have been considering, but have slopes inclined 
45°, more, from the vertical. Such weirs have been made the 
the up-stream side have been combined with slopes :1, 
the down-stream side for three different widths crest. 


most cases the ratio increases with the head, but, order 


: 
investigate more fully the changes value necessary 


consider separately the case sharp-crested weirs distinguished 
from those with wide crests. 


Sharp-Crested Weirs. 


the head increases from above 1.20 for very slight heads 1.11 
1.12 for the greatest heads used. Its value sensibly the same for 
the two batters 1:2 the back. The rate decrease 
not uniform, being very gradual 0.39 (0.984 ft.), beyond 
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which changes rapidly, without doubt due the detachment the 
nappe. 
Batter Down-Stream Side.—Instead decreasing the head 


increases, increases slowly value between the limits 1.10 and 


1.13, its value being nearly the same for the two batters 

Batter Down-Stream Side.—In this case the coefficient ratio 
nearly independent decreasing from 1.015 1.000 for batter 
1:1 the back, and from 1.045 1.035 for batter the back. 


Weirs Having Crests 0.10 and 0.20 (0.328 and 0.656 Ft.) Width. 


The coefficient always increases with the head, but the limits 
between which this increase takes place differ each case. were 
possible increase the head indefinitely, and the same time the 
height the weir, the conditions discharge would approach pro- 
gressively those for sharp-crested weir, the width the crest 
becoming more and more negligible, relative the general dimen- 
sions the dam. The series coefficients relating crests 
given width cannot be, with certainty, extended beyond the experi- 
mental limits between which they were obtained. If, however, the 
curves representing the coefficients were prolonged sufficiently, they 
would converge toward those which correspond sharp-crested 
weir with vertical faces. The batter the back determines the 
direction the filaments which constitute the inferior surface 
the nappe, and infiuences thus the contraction the inner edge 
the crest, and hence also the discharge. The batter the down- 
stream side, the other hand, affects the pressure underneath the 
nappe. 

When width crest not negligible, the inclination the down- 
stream face determines the limiting head which the nappe detaches 
itself from the crest, and which point the conditions discharge 
change suddenly. This limit depends also, certain measure, 
the velocity approach, or, which amounts the same thing, the 
ratio the head the height the weir. complete formula 
should include, addition the slopes the two faces, the two 


ratios, and where the width the flat portion the crest. 


Such formula would excessively complicated. 
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Fourth Group.—The Two Faces United Curved Surface the 
Crest the Weir. 


Seven types weirs were experimented on, with view deter- 
mining the effect the discharge joining the two faces the weir 
curved surface, the slopes used being, the up-stream side, 
very nearly vertical 1), and the down-stream side from 
1:5. The up-stream edge the crest being rounded are 
0.05, 0.10 0.20 (0.164, 0.328 0.656 ft.) radius. 

Types Nos. and differ only regard the radius curvature 
the back edge the crest, this being 0.05 (0.164 ft.) for the first, 
and 0.10 (0.328 ft.) for the second. The radius 0.10 increases 


the discharge slightly more than that 0.05 m., though the difference 


unimportant, but the values both cases surpass consider- 


ably those which have been obtained for similar weirs with the two 
faces united flat crests 0.10 and 0.20 (0.328 and 0.656 ft.) 
width. Series Nos. 145 and 153. 

Types Nos. and similar Types Nos. and except 
regards the inclination the down-stream side, which has been 
reduced This conduces equalize the values 
differ relatively little from each other, although the values 
are sensibly less the same heads than those for Types Nos. and 
and yet somewhat greater than for weirs with flat crests, 0.10 and 0.20 
(0.328 and 0.656 ft.) width. Series Nos. 145, 155 and 156. 

Types Nos. and differ only the radius curvature the 
back, which 0.10 and 0.20 m., respectively, the crest being wider 
than the preceding cases. The value somewhat less than 
before, not differing greatly from that which corresponds Types 
Nos. and 

The width crest increased still further Type No. the length 
the rectilinear section between the origins the two curved sur- 


faces being 0.20 (0.656 ft.). This modification produces sensible 
diminution the value 


Fifth Group.—Weirs with Completely Curved Profiles. 


turn, finally, the consideration weirs having completely 
curved profiles. The coefficient then attains exceptionally high 
values. Types Nos. and having vertical down-stream faces, 


| 
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permit the formation nappes wetted underneath. The corre- 
sponding coefficients are much higher than for the analogous case 
with sharp-crested weir.* 

Types Nos. have crests which differ only the radii 
curvature the curved surfaces, being 0.05 and 0.08 (0.164 and 
0.2624 ft.), respectively, for Type No. and 0.10 and 0.12 (0.328 and 
0.3936 ft.), respectively, for Type No.4. The crest, this latter case, 
much larger and the coefficient is, result, notably less for 
heads 0.30 (0.984 ft.), but not the same beyond this 
point, for the concave form Type No. tends produce detach- 
ment the nappe, and for this type continues 
diminish from this point, becoming less than for Type No. which the 
coefficient increases for all heads within the limits the experiments. 

The results Bazin’s experiments weirs irregular profiles, 
except few the series which have been omitted, will found 
the pages indicated the following list. The value given 
every case derived from Bazin’s tabulated value 


Series No. Page. Series No. Page. Page. 

113 242 140 246 253 
114 141 247 253 
115 282+ 142 247 253 
116 281+ 143 247 254 
117 283+ 144 248 254 
125 242 145 248 254 
126 242 146 248 255 
127 243 147 249 255 
128 243 149 249 279+ 
129 243 150 249 255 
130 272+ 151 250 256 
131 244 153 250 256 
132 244 154 250 
133 244 251 256 
134 245 157 251 257 
135 158 251 257 
136 245 159 252 257 
137 245 160 252 258 
138 246 161 252 258 
139 246 162 277+ 


For the type-forms under this group, see Bazin’s paper. 
With diagram similar Cornell experiment. 


‘ : 


BAZIN’S 


— 11.31 


BAZIN’S 


= 


BAZIN’S 


SERIES NO. 126 


SERIES NO. 113 


SERIES NO. 125 


No. of 
Experi- 
ment. 


h=depth 
on crest, 
in feet. 
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m=coef- 
ficient of 
discharge. 


0.4892 
0.4883 
0.4863 


[Papers. 


coefficient 


for 


Francis’ 
Formula, 


3.62. Nappe depressed. 
3.63 


4.00 
4.22. Nappe wetted 
4.16 underneath. 


4.02 _. Nappe depressed. 
4.03 

4.03 

4,12 

4.17 

4.27 Nappe wetted 
4.21 underneath. 

4.20 

4.21 

4.20 

4.20 

4.20 

4.17 

4.19 

4.15 

4.17 

4.15 

4.16 
4.12 


q 
0.208 0.3204 2.64 
0.289 0.3313 
0.3307 2.66 
0.3302 
0.518 0.3321 
0.592 0.3348 
0.736 0.3427 
0.805 0.3468 
0.863 0.3494 
2.80 
2.85 
0.989 0.3593 
0.3628 
0.3660 
0.3682 
1.159 0.3734 3.00 
1.197 0.3758 3.01 
1.252 
0.3877 3.11 
0.318 0.4516 
0.4604 3.69 
0.492 3.79 
0.532 
~ 0.4978 
0.633 0.5178 
0.691 0.5187 4.16 
9 FRO 
0.752 0.5100 4.09 
0.818 0.5082 
0.878 0.5047 4.05 
0.950 0.4896 
4.00 
1.006 0.4996 4.01 
1.077 0.4954 3.97 
0.4905 
1.140 3.93 
1.266 
1.328 
1.395 
3.90 
0.295 0.5015 
0.360 0.5028 
0.413 0.5024 
0.467 0.5138 
0.520 0.5205 
0.5238 
0.740 0.5251 
0.5244 
0.5234 
0.920 0.5233 
0.981 0.5208 
1.040 0.5228 
1.105 0.5175 
1.168 0.5197 
0.5170 
1.284 0.5187 
1.351 0.5142 
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SERIES NO, 


SERIES NO. 


BAZIN’S 


SERIES 129, 


No. of 
experi- 
ment. 


caver rene 


h=depth 
on crest, 
in feet, 


0.324 
0.389 
0.449 
0.509 
0.561 
0.608 
0.653 
0.697 
0.764 
0,831 
0.896 
0.961 
1,033 
1,093 
1.166 
1.228 
1.292 
1.360 
1,424 


m= coeffi- 
cient of 
discharge. 


0.4326 
0.4384 
0.4419 
0.4454 
0.4606 
0.4728 
0.4933 
0.5072 
0.4989 
0.4935 
0.4895 
0.4885 
0.4812 
0.4823 
0.4720 
0.4746 
0.4729 
0.4726 
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C=m 29> 
coefficient 
for Francis’ 
formula, 


243 


347 Nappe depressed 


3.51 
3.54 
3.57 
3.69 
3.80 
8.95 
4.07 
4.00 
3.95 
8.93 
3.92 
3.86 
8.87 


Nappe wetted 
underneath. 


3.79* 


3.81 
3.80 
3.79 
3.78 


*See Bazin’s observations relative to the behavior of the nappe 


21 


for Series Nos. 127 and 128. 


0.5015 
0.5104 
0.5090 
0.5107 
0.5068 
0.5159 
0.5183 
0.5179 
0.5156 
0.5178 
0.5133 
0.4909 
0.4955 
0.4849 
0.4834 
0.4820 
0.4766 
0.4758 
0.4725 
0.4733 
0.4696 


4.02 Nappe adhering. 


4.09 
4,09 


3.77 


Nappe wetted 
underneath. 


observations relative the behavior the nappe 


for Series Nos, 127 and 128, 


0.399 
0.456 
0.511 
0.565 
0.612 
0.665 
0.726 
0.830 
0.885 
0.943 
0.995 
1.102 
1.163 
1.212 
1.266 


0.4064 
0.4225 
0.4343 
0.4463 
0.4577 
0.4722 
0.4778 
0.48338 
0.4952 
0.4982 
0.5029 
0.5079 
0.5116 
0.5155 
0.5187 
0.5174 
0.5236 
0.5263 
0.5276 


8.25 Nappe depressed 


8.39 
3.48 
3.57 
3.67 
3.79 


Nappe wetted 
underneath and 
attached to flat 
crest. 


19 4 
0.295 
0.353 
0.407 
0.464 4.10 
0.526 4.07 
0.580 4.14 
0.626 4.16 
0.692 4.15 
0.805 
0.843 4.12 
0.925 3.97 
0.967 
1.023 3.87 
1.166 3.83 
1,230 
3.79 
1.360 
1,430 
af 33 
3.83 
3.97 
4.08 
4.11 
4.14 
4,16 
4.15 
4.21 
18 4.23 
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experi- on crest, cient of coefficient 

ment. in feet. discharge. for 
Francis’ 
formula. 


BAZIN’S 


SERIES NO. 131 


0.3989 3.20 Nappe depressed. 
0.4140 3.31 Nappe adhering, 
0.4298 3.45 

0.4326 3.47 

0.4443 3.56 

0.4611 3.70 

0.4755 

0.4770 

0.4882 

0.4937 3. Nappe wetted under- 
0.4948 3. neath and attached 
flat 
0.5048 
0.5090 
0.5128 
0.5172 
0.5167 
0.5226 
0.5249 
0.5242 
0.5234 


OWE 


B AZ | N S 0.4128 Nappe adhering, 
0.4251 

0.4488 
0.4609 
0.4663 
0.4788 
0.4876 
0.4921 
0.5029 
0.5108 
0.5180 
0.5237 

0.5136 4 Nappe wetted under- 

0.5174 neath and attached 


0.5177 | to flat crest. 
0.5225 


0.5238 
0.5260 


B AZ| N’S 0.3846 3.06 Nappe depressed. 


0.4028 
SERIES NO. 133 0.4127 Nappe 
0.4266 2 
0.4445 
0.4540 
0.4692 
0.4775 
0.4922 
0.4979 
0.5079 
0.5122 Nappe wetted under- 
0.5151 neath and attached 


0.5208 to flat crest, 
0.5224 


0.5243 

0.4889 Nappe wetted under- 
0.4794 : neath but detached 
0.4842 . from flat crest. 
0.4793 

0.4783 
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0.336 
0.395 
0.450 
0.504 
0.564 
0.610 
0.667 
0.720 
0.773 
ll 0.835 
12 0.889 . 
13 0.943 
14 6.998 
1 1.046 
. 16 1.098 
17 1.161 
18 1.213 
19 1,264 
20 1.333 
21 1.394 
18 1.271 4.21 
1b 1.033 
16 1.095 
17 1,205 
1.283 
19 1.276 
20 1.346 
21 1,415 
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SERIES No. 134 


BAZIN'S 


SERIES No. 136 


— 


SERIES No. 137 


No. of 
experi- 
ment. 


h=depth 
on crest, 
in feet. 


m= coeffi- 
cient of 
discharge. 


0.3880 
0.4090 
0.4228 
0.4378 
0.4515 
0.4633 
0.4751 
0.4867 
0.4970 
0.5061 
0.5186 
0.5280 
0.5334 
0.5380 
0.5427 
0.5463 
0.4957 
0.4804 
0.4764 
0.4712 


0.4865 
0.4815 
0.4803 
0.4814 
0.4831 
0.4820 
0.4842 
0.4854 
0.4874 
0.4886 
0.4900 
0.4948 
0.4941 
0.4962 
0.4950 
0.4979 
0.4975 
0.4997 
0.4993 
0.5005 
0.5023 


0.4324 
0.4310 
0.4359 
0.4323 
0.4400 
0.4377 
0.4378 
0.4434 
0.4437 
0.4441 
0.4445 
0.4513 
0.4476 
0.4505 
0.4490 
0.4517 
0.4520 
0.4543 


coefficient 
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for 


Francis’ 
formula, 


3.11 
3.28 
3.39 
3.51 
3.62 
3.71 
3.81 
3.91 
3.99 
4.06 
4.16 
4.24 
4.28 
4.32 
4.36 
4.38 
3.98 
3.85 
3.82 
3.78 


245 


2g= 


Nappe adhering. 


Nappe wetted under- 
neath but detached 
from flat crest. 


0.350 
0.405 
0.513 
0.567 
0.714 

0.767 
0.815 
0.866 
0.909 
0.964 

1.011 

1.060 

1.118 

1.489 

3.86 

0.364 3.86 

0.424 3.88 

0.484 3.87 
0.542 

0.597 3.89 

0.658 3.91 
0.776 3.93 
0.830 3.97 

0.887 3.96 
0.953 3.98 
1.068 
1,122 3.99 

1.179 4.01 

2 0.339 3.45 
0.451 3.47 
0.513 3.53 

0.700 3.55 
0.822 3.56 
0.887 3.56 
3.59 
1.078 3.61 
3.60 
3.62 
3.64 
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experi- on crest, cient of coefficient 

ment. in feet. discharge. for 
Francis’ 
formula, 


BAZIN’S 


SERIES No. 138. 


BAZIN’S 


SERIES 


0.4898 


BAZIN’S 0.4696 


0.4666 

SERIES No. 140. 0.4677 
‘ 0.4620 
0.4699 

0.4666 

0.4747 

0.4761 

0.4783 

0.4792 

0.4842 

0.4843 

0.4889 

0.4861 

0.4920 

0.4905 

0.4951 

0.4930 

0.4951 

0.4978 

0.5000 
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0.194 0.4450 3.57 
0.263 0.4357 3.50 
0.327 0.4344 3.48 
0.391 3.50 
0.447 3.56 
0.510 0.4524 3.63 
0.571 0.4511 3.62 
0.626 0.4622 3.71 
0.685 0.4565 3.66 
0.807 0.4611 3.70 
0.873 0.4637 3.72 
0.927 0.4643 3,72 
0.992 0.4683 3.76 
1.045 0.4743 3.80 
1.110 0.4707 3.78 
1.176 0.4716 3.79 
0.4746 3.81 
1,355 0.4758 3.82 
0.190 0.4561 3.66 
3.68 
0.312 0.4641 3.72 
0.434 0.4651 3.73 
0.500 0.4643 3.72 
0.552 0.4706 3.78 
0.615 0.4693 3.76 
0.667 0.4764 3.82 
0.733 0.4725 3.79 
0.798 0.4734 3.80 
0.852 0.4789 3.84 
0.915 0.4808 3.86 
0.969 0.4821 3.87 
1.023 0.4883 3.92 
1.092 0.4856 3.90 
1.151 0.4868 3.90 
1.210 0.4909 3.94 
19 1.258 0.4927 3.95 
3.75 
3.75 
3.71 
3.77 
3.75 
3.81 
3.82 
3.83 
3.84 
3.88 
3.88 
3.92 
3.90 
3.95 
3.97 
3.96 
3.97 
3.99 
4.01 
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BAZIN’S 


SERIES No. 141 


BAZIN’S 


SERIES 142. 


BAZIN’S 


SERIES No. 143. 


No. of 
experi- 
ment. 


Cone 


h=depth 
on crest, 
in feet. 


m= coeffi- 
cient of 
discharge. 


0.3854 
0.3831 
0.3790 
0.3836 
0.3846 
0.3957 
0.3882 
0.3901 
0.3933 
0.3960 
0.3977 
0.3978 
0.3955 
0.3996 
0.4016 
0.4016 
0.4047 
0.4051 


0.8537 
0.3624 
0.3582 
0.3565 
0.3594 
0.3572 
0.3639 
0.3660 
0.3661 
0.3681 
0.3677 
0.3710 
0.3716 
0.3726 
0.3738 
0.3742 
0.3752 


C=mV 2g= 
coefficient 
for 
Francis’ 
formula, 


3.02 
3.09 
3.07 
3.04 


3.11 ‘Nappe adhering and 
3.19 attached to flat crest. 


4,42 
4.21 Nappe adhering but 
4.20 detached from flat crest: 


0.281, 
0.425 
0.489 3.08 
0.822 3.15 
0.956 3.19 
1.113 3.17 
1.165 
3.20 
1.298 3.22 
0.369 2.90 
0.447 2.87 
0.509 2.86 
2.88 
2.92 
0.795 2.94 
0.861 2.94 
2.95 
2.95 
1.079 2.98 
2.98 
1,222 2.99 
3.00 
3.00 
1,430 
0.415 
0.462 0.4250 3.41 
0.513 0.4386 3.52 
0,567 0.4515 3.62 
033 0.619 0.4608 3.70 
0.725 0.4803 3.85 
0.4938 3.96 
0.821, 0.5059 4.06 
0.920 0.5208 4.18 
1,022 4.27 
1.227 0.5514 
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No. of h=depth. m=coefi. C=mV2g= 
experi- on crest, cient of coefficient 
_ment discharge. for 

Francis’ 


formula. 


BAZIN’S 0.3808 3.05 
2 0.419 0.3954 3.17 

0.475 0.4081 3.27 

0.592 0.4255 3.41 

0.648 0.4372 3.50 

0.757 0.4531 3.63 
0.810 0.4588 3.68 


BAZIN’S 


SERIES NO. 145 


0.367 0.3632 2.91 
0.437 0.3698 2.97 

ERIES NO. 146 3 0.492 0.3837 3.08 7 

9:38 6 0.695 0.3885 3.11 
0.749 0.3987 3.20 
0.883 0.4021 3.22 
0.951 0.4024, 


248 
10 0.865 0.4679 3.75 
1l 0.919 0.4714 3.78 
12 0.978 0.4777 3.83 
13 1.034 0.4774 3.83 
l4 1.104 0.4759 3.82 
15 1.164 0.4766 3.82 
16 1.232 0.4769 3.83 
1,286 0.4784 3.84, 
18 1.351 0.4782 3.84 
19 1411. 0.4811 3.86 
0.359 0.3765 3.02 
2 0.424 0.3870 3.10 
0.479 0.3971 3.18 
4 0.547 0.4059 3.25 
aieale 5 0.598 0.4177 3.35 
a 6 0.658 0.4218 3.38 
0.720 0.4262 3.42 
8 0.781 0.4322 3.47 
10 0.902 0.4409 3.53 
ll 0.962 0.4409 3.53 
12 1.032 0.4425 3.53 
13 1,087 0 4461 3.58 
14, 1,152 0 4474 3.58 ; 
1b 1.210 0.4505 3.61 
0.4502 3.61 
1.334 0.4515 3.62 
18 1.396 0.4538 3.64 
19 1467 0.4544 3.64 | 
0.4080 
R 1.085 0.4072 3.26 
13 1.141 0.4119 3.30 
14, 1.213 0.4124 3.30 
15 1.272 0.4153 3.33 
16 1.344 0.4169 3.34 
= iv 1.405 0.4190 3.36 
18 1.473 0.4211 3.38 
19 1.532 0.4233 8.39 
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experi- on crest, cient of coefficient 

ment feet. discharge for 
Francis’ 


BAZIN’S 


SERIES NO. 147 


BAZIN’S 
SERIES NO. 149 


1 
2 
3 
4 
5 
6 
7 
8 
9 


BAZIN’S 


SERIES 150 


249 
formula 
0.308 0.3552 2.85 
q 0.373 0.3566 2.86 
0.438 0.3698 2.97 
0.503 0.3759 3.02 
0.569 0.3907 
0.637 0.3999 3.20 
0.4299 3.44 
0.898 0.4409 3.53 
0.4453 3.57 
0.4580 3.67 
1.115 0.4653 3.73 
1.165 0.4723 3.79 
1.217 0.4775 3.83, 
1.265 0.4803 3.85 
1.332 0.4854 3.89 
1.394 0.4962 3.98 
0.248 2.55 
0.317 0.3217 2.58 
0.390 0.3322 2.67 
0.455 0.3410 2.73 
0.521 0.3513 2.82 
0.585 0.3607 2.89 
0.653 0.3705 2.97 
0.705 0.3740 3.00 
0.766 0.3841 3.08 
0.882 0.4030 3.23 
0.942 0.4119 3.30 
1.051 0.4231 3.39 
1.165 0.4353 3.49 
1.281 0.4447 3.57 
0.512 0.3631 2.91 
0.586 0.3692 2.96 
0.637 0.3832 3.07 
0.698 0.3892 3.12 
0.751 0.3967 3.18 
0.869 0.4127 3.31, 
0.982 0.4261 3.42 
1.043 0.4328 3.47 
1.152 0.4439 3.56 
1.259 0.4529 3.63 
1.439 0.4645 3.73 


SERIES NO. 151 


BAZIN’S 


SERIES NO. 153 


BAZIN’S 


SERIES NO. 154 


No. of 
ment 


10 


C=m 


RAFTER FLOW WATER OVER DAMS. 


2.81 


2 g= 
coefficient 

for 
Francis’ 
formula 


250 [Papers. 
h=depth m= coeffi- 
on crest, cient of d 
in feet, discharge. 
0.201 0.3373 
0.240 0.3508 
0.307 0.3476 2.79 
0.391 0.3473 2.79 
0.445 0.3641 
0.514 0.3679 2.95 
0.537 0.3720 2.98 
0.573 0.3807 3.05 
0.643 0.3859 3.09 
0.695 0.3990 3.20 
0.800 0.4120 3.30 
0.826 0.4131 3.31 
0.867 0.4191 3.36 
0.921 0.4226 3.39 
0.975 0.4311 3.46 
1,027 0.4373 3.56 
1.090 0.4395 3.52 
1.140 0.4493 3.60 
1.209 3.61 
22 1.248 0.4546 3.64 
0.4587 3.68 
0.4629 3.71 
1.416 0.4669 3.75 
0.237 0.3408 2.73 
0.3458 2.77 
0.372 0.3476 2.79 
0.440 0.3613 2.90 
0.505 0.3649 2.93 
0.576 0.3747 3.00 
0.637 0.3827 3.07 
0.701 0.3863 3.10 
0.760 0.3930 3.15 
0.762 0.3940 3.16 
0.814 0.3996 3.20 
0.879 0.4057 3.25 
0.937 0.4107 3.29 
0.993 0.4171 3.34 
1.001 0.4159 3.33 
1.055 3.40 
1.102 0.4253 3.41 
1.170 0.4318 3.46 
1.289 0.4392 3.52 
1.347 0.4408 3.53 
0.308 0.3421 2.74 
0.373 2.83 
0.447 0.3554 2.85 
0.508 0.3677 2.95 
10 0.3987 3.20 t 
0.3995 3.20 
0.4043 3.24 
0.4095 3.28 
0.4123 3.31 
0.4204 3.37 
17 0.4245 3.40 j 
| 18 0.4282 3.43 
0.4334 3.48 


| 
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BAZIN’S 


SERIES NO. 156 


SERIES NO. 157 


BAZIN’S 


SERIES 158 


No. of 
experi- 
ment 


h=depth C=mV2g= 


on crest, 
in feet. 


cient of 
discharge. 


coefficient 
for 
Francis’ 
formula 


2.76 
2.79 


3.00 


3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
3. 
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0.446 0.3611 2.90 
0.508 0.3624 2.91 
0.576 0.3675 2.95 
0.638 0.3758 3.01 
0.764 0.3860 3.09 
0.888 0.3958 3.17 
0.956 0.4035 3.24 
1.073 0.4119 3.30 
1.138 0.4108 3.28 
1.203 0.4126 3.31 
1.340 0.4194 3.36 
1.394 0.4195 3.36 
1,457 0.4227 3.38 
0.321 0.3238 2.60 
0.475 0.3299 2.65 
0.547 0.3288 2.64 
0.624 0.3317 2.66 
0.696 0.3371 2.70 
0.826 0.3470 2.78 
0.893 0.3498 2.81 
0.957 0.3574 2.87 
1.030 0.3591 2.88 
0.3655 2.93 
0.3698 2.97 
1.337 0.3855 3.09 
1.456 0.3959 3.17 
1.474 0.3989 3.20 
0.234 0.3479 2.79 
0,457 0.3479 2.79 
0.530 0.3499 2.81 
0.600 0.3524 
0.672 0.3559 2.86 
0.733 0.3606 2.90 
0.860 0.3682 2.95 
0.930 0.3744 
0.984 0.3799 
1.055 0.3866 
0.3923 
0.3983 
1.297 0.4025 
0.4066 
1.412 0.4112 
1.457 0.4142 
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RAFTER FLOW WATER OVER DAMS. 


BAZIN’S 


SERIES NO. 159 


BAZIN’S 


SERIES NO. 160 


BAZIN’S 


SERIES NO. 161 


‘No. of 
experi-— 
ment 


h=depth 
crest, 
in feet. 


m=coeffi- 
cient of 
discharge, 


C=mV2g= 
coefficient 
for 
Francis’ 
formula 


2.68 
2.75 
2.82 
2.82 
2.81 
2.91 
2.84 
2.87 


Papers. 


| 
| 


£ 
| 
| 
0.304 0.3424 
0.379 
0.387 0.3507 
0.457 0.3498 
0.516 0.3620 
0.526 0.3544 
0.670 0.3527 
0.797 0.3662 2.94 
0.861 0.3727 2.99 
0.876 0.3665 2.94. 
0.994 0.3751 3.01 
1.068 3.03 
1.126 0.3869 3.10 
1.198 0.3839 3.08 
1.261 0.3878 3.11 
1.320 0.3935 3.15 
1,332 0.3906 3.13 
24 1.389 0.3912 3.14 
1.445 0.3978 3.19 
0.451 0.3505 2.81 
0.522 0.3512 2.82 
0.593 0.3541 2.84 
‘o .735 3598 
0.930 0.3701 2.97 
0.998 0.3731 2.94 
1.129 0.3784 3.03 
1,193 0.3818 3.06 
1.254 0.3842 3.08 
1.326 0.3868 
1.389 0.3919 3.14 
1.457 0.3937 3.16 
0.413 0.5308 4.26 
0.472 4.23 
0.581 0.5297 
0.639 0.5289 
0.693 0.5314 
0.750 0.5331 4.2 
? 10 0.803 0.5374 4.31 
0.919 0.5385 4.32 
0.960 0.5405 
0.992 0.5359 4.30 
1.056 0.5340 4.28 
1,187 0.5188 4.16 
1.289 0.5118 4.11 
1.326 0.5087 4.08 
| 
} 


Papers. 


RAFTER FLOW WATER OVER DAMS, 


BAZIN’S 


SERIES NO. 163 


BAZIN’S 


SERIES NO. 164 


> 


LZ 


BAZIN’S 


SERIES NO. 165 


No. 
experi- 
ment. 


on crest, 
in feet. 


m =coeffie 
cient of 
discharge, 


0.4553 
0.4563 
0, 4584 
0.4583 
0.4601 
0.4648 


c= m 2g= 

for Francis’ 
formula, 
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| 
£ 
‘ 
0.244 0.4781 3.83 
0.303 0.4786 3.84 
0.366 0.4775 3.83 
0.423 0.4779 3.83 
0.486 0.4759 3.82 
0.536 0.4816 3.86 
0.593 0.4917 3.94 
0.998 0.5062 4.06 
1.056 0.5060 4.06 
0.244 0.4811 3.86 
0.305 3.90 
0.367 0.4821 3.87 
0.425 0.4867 3.90 
0.482 3.87 
0.539 0.4826 3.87 
0.4915 3.94 
0.702 0.4948 3.97 
0.766 0.4990 4.00 
0.877 0.5046 4.05 
0.939 0.5070 4.07 
1,162 0.5151 4.13 
0.5205 4,18 
0.401 0.4447 3.56 
3 0.464 0.4443 3.56 
0.528 0.4433 3.55 
0.656 0.4422 
0.783 0.4433 3.55 
0.843 0.4461 3.58 
0.969 0.4528 3.63 
1.029 0.4531 3.63 
1.090 3.64 
1.153 3.65 
3.66 
1.279 3.68 
3.68 
3.69 
1.448 


BAZIN’S 


SERIES NO, 166 


5 to} 


BAZIN’S 


SERIES NO. 167 


SERIES NO. 168 


No. 
experi- 
ment 


Orie 


h=depth 
on crest, 
feet. 


RAFTER FLOW WATER OVER DAMS. 


m= coeffi- 
cient of 
discharge, 


0.4563 
0.4548 
0.4536 
0.4538 
0.4579 
0.4579 
0.4583 
0.4596 
0.4625 
0.4663 
0.4677 
0.4681 
0.4699 
0.4714 
0.4723 
0.4731 
0.4746 
0.4748 


0.4087 
0.4256 
0.4367 
0.4541 
0.457 

0.4679 
0.4753 
0.4823 
0.4917 
0.4975 
0.5046 
0.5127 
0.5176 
0.5213 
0.5293 
0.5319 
0.5349 
0.5396 
0.5431 
0.5437 


0.4137 
0.4286 
0.4435 
0.4505 
0.4592 
0.4648 
0.4733 
0.4740 
0.4801 
0.4877 
0.4915 
0.4949 
0.4999 
0.5058 
0.5080 
0.5122 
0.5189 
0.5180 
0.5205 
0.5252 


C=m 
coefficient 
for 
Francis’ 
formula 


3.66 
3.65 
3.64 
3.64 
3.67 
3.67 
3.68 
3.69 
3.71 
3.74 
3.75 


4.11 


[Papers. 


254 
0.393 
0.518 
0.575 
0.638 
0.761 
0.821 
0.880 
0.947 
1.008 3.76 
1.066 3.77 
1.127 3.78 
1.187 3.79 
1.247 
1.308 3.81 
3.81 
0.341 3.28 
0.398 8.41 
0.509 3.64 
0.565 3.67 
0.616 3.75 
0.671, 3.81, 
0.725 3.87 
0.781 3.94 
0.828 3.99 
0.885 4.05 
0.930 
0.987 
1.044 
1.084 
1.193 
1.245 
1.304 
0.331 3.32 
0.392 344 
0.503 3.61 
0.560 8.68 
0.619 
0.898 3.94 
3.97 
1.009 4.01 
1.117 4.08 
1.168 4.11 
4.16 
1.275 4.16 
1.386 
| 
7 


SERIES 170 


BAZIN’S 


SERIES NO. 172 


BAZIN’S 


SERIES NO. 175 


RAFTER FLOW WATER OVER. DAMS. 


m=coeffi- 
cient of 
discharge. 


0.4300 
0.4364 
0.4488 
0.4488 
0.4576 
0.4689 
0.4753 
0.4796 
0.4824 
0.4895 
0.4928 
0.4948 
0.4987 
0.5027 


0.3872 
0.4025 
0.4039 
0.4143 
0.4175 
0.4223 
0.4255 
0.4333 
0.4368 
0.4414 
0.4436 
0.4460 
0.4482 
0.4499 
0.4558 
0.4586 
0.4607 
0.4670 
0.4645 


0.3950 
0.4061 
0.4054 
0.4119 
0.4220 
0.4281 
0.4337 
0.4396 
0.4482 
0.4554 
0.4607 
0.4649 
0.4710 
0.4747 
0.4790 
0.4811 
0.4845 
0.4869 
0.4908 


experi- crest, coefficient 
ment. in feet. for Francis’ ea 
0.411 
0.468 3.50 
3.60 
0.811 3.81 
0.926 3.87 
0.981 3.93 
3.95 
3.97 
1.115 4.00 
1.174 
1,086 3.59 
1.152 3.61 
0.360 3.17 
0.421 3.25 
0.487 3.25 
3.30 
0.608 3.38 
3.43 
0.726 3.48 
0.782 3.52 
0.837 3.59 
0.894 
0.949 3.70 
1.007 3.73 
1.061 3.78 
1,123 3.81 
1.174 3.84 
| 
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SERIES NO. 176 


SERIES NO. 177 


0,66 


2 


SERIES 


No. of 
experi- 
ment 


h=depth 
on crest, 
-in-_feet. 


m =coeffi- 
cient of 
discharge, 


0.3439 
0.3413 
0.3636 
0.3684 
0.3795 
0.3867 
0.3977 
0.4021 
0.4104 
0.4175 
0.4251 
0.4296 
0.4376 
0.4409 
0.4449 
0.4518 
0.4547 
0.4586 
0.4652 
0.4676 
0.4727 


0.3863 
0.3872 
0.3993 
0.4050 
0.4127 
0.4180 
0.4242 
0.4309 
0.4389 
0.4482 
0.4562 
0.4621 
0.4658 
0.4716 
0.4753 
0.4779 
0.4840 
0.4867 
0.4924 


0.3930 
0.3997 
0.4054 
0.4091 
0.4180 
0.4244 
0.4277 
0.4331 
0.4399 
0.4480 
0.4536 
0.4588 
0.4641 
0.4656 
0.4703 
0.4740 
0.4796 
0.4840 
0.4884 


coefficient 
for 
Francis’ 
formula 


2.76 
2.74 
2.92 
2.95 
3.04 
3.10 
3.19 
3.22 
3.29 


[Papers. 


7 
0.296 
0.439 
0.494 
0.618 
0.797 3.35 
11 0.861 3.41 
' 12 0.910 3.45 
13 0.974 3.51 
° 14 1,027 3.53 
1.088 3.57 
16 1.139 3.62 
17 1.196 3.65 
18 1,248 3.68 
19 1.303 3.73 
| 1.355 3.75 
21 1,420 3.80 f 
1 0.367 3.10 
2 0.433 5.18 
0.497 3.20 
4 0.556 3.25 
5 0.617 3.31 
6 0.680 3.35 
7 0.739 3.40 
8 0.794 3.46 
9 0.850 3.52 
10 0.906 3.59 
0.965 3.66 
1.019 3.71 
13 1.077 3.74 4 
1.129 3.79 
15 1.184 3.81 
1.243 3.83 
17 1,296 3.88 
3.20 
5 0.614 3.35 
0.908 3.59 
ll 0.968 3.64 
12 1.023 3.68 
1,078 
14 1.134 3.74 | 
1.190 3.77 
1.247 3.80 
1.298 
3.88 
19 1,403 3.92 


Papers. RAFTER FLOW WATER OVER DAMS. 


experi- on crest, cient of coefficient 

ment, in feet. discharge. for Francis’, 
formula, 


SERIES 181 


0.3789 3.04 
0.3858 3.09 
0.3863 3.10 
0.3900 3.13 
0.3993 3.20 
0.3970 3.18 
0.4030 3.23 
0.4092 3.28 
0.4105 3.29 
0.4153 3.33 
0.4210 3.38 
0.4267 3.42 
0.4311 3.46 
0.4345 3.49 
0.4394 3.52 
0.4413 3.54 
0.4447 3.57 
0.4484 3.59 
0.4518 3.62 
0.4534 3.63 
0.4578 3.67 


BAZIN’S 


SERIES 182 


SERIES NO. 188 


7 
| 
| 
i 


EB 


0.290 
0.356 
0.423 
0.486 
0.621 
0.677 
0.861 
0.920 
1.278 
1,342 
1.403 
1.463 
0.280 3.15 
0.403 0.4012 3.22 
0.526 0.4150 3.33 
0.641 0.4309 3.46 
0.761 0.4448 3.56 
0.867 0.4584 3.68 
1.320 0.4870 3.91 
1.413 0.4966 3.99 
0.289 0.3758 3.01 
0.425 0.3835 3.08 
1.080 0.4120 3.30 
1.431 0.4388 3.52 
J | 
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experi- on crest, cient of coefficient 
ment. in feet, discharge for 
Francis’ 
formula, 
1 0.248 0.4605 3.69 Adhering Na; 

3 0.355 0.4967 3.99 
SERIES NO. 189 0.406 0.5000 
5 0.457 0.5198 4.17 
6 0.511 0.5331 4.28 
7 0.557 0.5389 4.32 
8 0.607 0.5517 4.43 
9 0 655 0.5563 4.46 
10 0.706 0.5635 4.52 

0.706 0.5624 4.51Nappe wetted underneath, 
12 0.756 0.5664 4.54 
13 0.811 0.5706 4.58 
14 0.864 0.5698 4.57 
15 0.923 0.5677 4.55 
16 0.979 0.5681 4.56 
17 1.042 0.5644 4.53 
18 1.097 0.5612 4.50 
19 1.151 0.5629 4.52 
20 1.227 0.5550 4.45 
21 L274 0.5572 4.47 
BAZ | N’ S 1 0.260 0.4354 3.49 
2 0.317 0.4496 3.61 
5 0.478 0.4891 3.92 
Y 6 0.534 0.4924 3.95 

10 0.736 0.5293 4,25 
ll 0.780 0.5418 4.35 
12 0.836 0.5480 4.40 
13 0.886 0.5559 4.46 
14 0.932 0.5628 4.52 
15 0.979 0.5644 4.53 
16 1.035 0.5710 4.58 
lw 1,093 0.5675 4.55 
18 1.148 0.5663 4.54 
19 1.201 0.5695 4.57 
20 1,266 0.5665 4.54 


i 
7 
7 
q 
7 
4 
q 
| 
| 
| 
| 
| 
; 
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GENERAL RESUME EXPERIMENTS. 


This chapter has also been translated from Bazin’s final paper 
Annales des Ponts Chaussées for 1898.* 

Classification the Different Species water 
discharged through submerged orifice, well known that the 
discharge varies according the nature the orifice. The coeffi- 


particular case. This coefficient varies, however, only within rela- 
tively narrow limits. 

The conditions the case weir are much more complex. The 
influenee the shape (width crest, degree inclination the 
up-stream and down-stream faces the weir, etc.) always enters, but 
other factors conspire make the value the coefficient the 
formula mlh vary within much wider limits than for 
discharge through orifice. 

The sloping nappe weir differs from the vein issuing from 
orifice that may assume variety perfectly distinct forms. 
These forms constitute, reality, many distinct cases, each which 
necessary study separately, since, confusing them one must 
necessarily expose himself serious errors. proper, start 
classify these different forms and make known their distinctive 
characteristics. 

Free Nappes.—The most simple and definite case that sharp- 
crested weir without lateral contractions, which the nappe falls 


formulas have been changed, make English measures applical 
ble, the introduction conversion factor when necessary. The mathematica 
symbols are follows: 

velocity channel above the weir, feet; 

=aconstant (replaces used Bazin); 

aconstant (replaces used Bazin); 

height crest weir above bottom channel, feet; 

coefficient discharge over given weir; 

corresponding coefficient for standard 

cubic feet per second; 

difference elevation crest weir and water the down-stream side, 

feet; 
widthof crest flat-crested weir, feet; 
radius curvature weir rounded the back, feet; 


ited 
¥ 
7 
7 
7 Bigs. 
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q 
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freely the air, its lower surface always subject the pressure 
the atmosphere. The lateral contraction may suppressed 
making the length the weir equal the width the canal leading 
it, which supposed have vertical walls. Immediately below the 
crest, these walls should. constructed such manner 
permit free access air beneath the nappe, which then represents 
portion nappe indefinite length. The resulting phenomena 
flow are perfectly constant; the nappe, independent any influence 
the water below the weir, permits precise determination the 
coefficient 

Depressed Nappes and Nappes Wetted Underneath.—When the walls 
the canal which the weir placed are not constructed such 
manner maintain free access air beneath the nappe, the 
phenomena discharge become more complicated, and the form the 
nappe, remarkably constant the case where falls freely over the 
weir, undergoes considerable modification, according the amount 
discharge. 

When the head does not exceed certain limit, the nappe remains 
detached from the face the weir, imprisoning underneath volume 
air pressure inferior that the external atmosphere. 
the same time the water the space between the foot the nappe 


and that the weir rises level above that the stream below the 


weir. have, then, species free nappe, modified and depressed 
the excess external pressure. The discharge over such sharp- 
crested weir is, for equal heads, slightly greater than over true free 
nappe. The difference increases the volume the imprisoned 
air diminishes. 

Depressed nappes are not very stable; the accidental entrance 
air from time time produces variations both the interior pressure 
and the discharge. When the air has entirely disappeared, the nappe 
takes more definite form, which may designated wetted under- 
neath. The overflowing nappe encloses small portion turbulent 
water, which does not partake the translatory movement the vein, 
properly speaking. 

The occurrence nappe wetted underneath may independent 
the level the water the down-stream side the weir 
the contrary, may influenced this level, every modification 
which then reacts the discharge over the weir. 


' 
i . 
t 
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The former the case when the overfall followed rapid 
which terminates abrupt ressault, below which the flow takes 
place accordance with the condition the channel. The position 
the ressault without influence the discharge, provided does 
not enclose the foot the nappe. 

the second case, that say, when the foot the nappe 
more less enclosed the water the channel below the weir, 
not easy separate the influence the water the channel, for the 
discharge may modified, although this water does not rise the 
level the crest the weir. 

Undulating Nappes.—When the level the water the channel 
below the weir raised the height the weir crest, the wetted 
nappe retains its form long the difference level, fall the 
water from the up-stream the down-stream side the weir, does 
not descend below certain limit. Its characteristic profile persists, 
although part concealed its immersion the channel the 
down-stream side, but, where the fall difference level progres- 
sively diminished, moment comes when the nappe returns suddenly 
the surface, undulating the meanwhile. This change, although 
very apparent, does not exert any important influence the value 
the coefficient discharge. 

Adhering Nappes.—The forms nappes thus far considered are 
those most ordinarily encountered. Another form exists, which ap- 
pears under certain conditions, which the nappe, instead enfold- 
ing small mass turbulent water having translatory movement, 
the case the nappe wetted underneath, is, the contrary, 
close contact with the face the weir. presents then, certain 
cases, some interesting particulars, and this remarkable form there 
often corresponds considerable increase the coefficient dis- 
charge. 

The ensemble the phenomena discharge very complex, and 
one cannot often determine the discharge weir with precision 
without previously knowing under which particular form nappe the 
discharge took place. Taking, for example, sharp-crested weir 0.75 
(2.46 ft.) high, have shown that for the same head 0.20 
(0.656 ft.) the nappe may assume four very distinct forms, which 
correspond the following different values the coefficient the 
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(1) Free nappe, under surface always subjected 


(2) Depressed nappe, imprisoning certain vol- 

ume air pressure below that the 

(3) Nappe wetted underneath, air imprisoned, 

level water down-stream side 0.125 

(0.42 ft.) below crest weir.............. 
(4) Adhering nappe, the ressault being dis- 

tance from the foot the nappe, which 


Sharp-Crested Weirs. 


Free Nappes.—When the nappe, flowing over sharp-crested 
weir, has its lower surface free communication with the atmosphere, 
the only element which modifies the coefficient the mean velocity 
the channel leading the weir. order take this into con- 


2 


becomes then, representing the modified coefficient 


or, approximately, considering that fraction rarely exceeding 


few centimeters, 


This expression not form convenient for use, since the 
designate the height the weir above the bottom the channel, 
the wetted section the canal p), and have 


or, simply replacing its value mlh have, 


» 
= 


. 
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Letting, for short the above expression takes the 


more practical form 


have determined the coefficients and comparative 
experiments five weirs different heights. aand are not per- 


fectly constant, but one may take, mean, 0.55. 


its value, which corresponds the limiting case velocity 
approach, cannot measured directly, since impossible com- 
pletely suppress this velocity. Its influence, however, becomes 
insignificent high weir. The coefficient decreases slowly the 
head increases, shown below: 


Head, feet 0.328, 0.656, 0.984, 1.312, 1.640. 


Corresponding 


When over 0.328 ft. its value represented with sufficient pre- 
cision the formula, 


Adopting for the value 0.55, Formula (2) becomes 
h 2 


most cases, where the ‘head falls between 0.10 (0.328 ft.) and 
0.30 (0.984 ft.), may taken the constant value 0.425, and taking 


simply, the expression for becomes 


which will answer for all practical cases where errors are 
permissible. Itisthis coefficient discharge perfectly determined 
the head and the height the weir, which has been used for com- 
parison. Instead considering the other weirs the absolute values 
the coefficient have compared them with the coefficient for free 
nappe, for the same head weir the same height. 
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This substitution the ratio for the absolute values elimin- 


ates, large measure, least, the influence velocity approach 
and facilitates greatly the discussion results. 

what precedes, the up-stream face the weir has been sup- 
coefficient will modified. The coefficient diminished when the 
plane the dam inclined stream, but, if, the contrary, the 
plane the dam inclined down stream, the coefficient increases 
maximum which corresponds nearly inclination 30° (equals 
batter the back). The ratio between the coefficients corre- 
sponding two different inclinations sensibly constant for all 
heads, that one may obtain the coefficient for sharp-crested 
weir any inclination multiplying constant, modulus, the 
corresponding coefficient for vertical weir, indicated Table 
No. 

This ratio increases regularly from inclination 45° toward 
the up-stream side, approximately 30° toward the down-stream 
side where the maximum occurs, from which point the discharge 
does not take place the normal manner, since the liquid vein 
its passage over the crest, instead being freely contracted, guided 
the incline the weir which rests immediate contact. 


TABLE No. 


Modulus which 
multiply the 
coefficient for 


vertical weir. 
tion of the weir. 1 “ 3 es 0.96 
1.00 


Weirs. Nappes Depressed and Underneath.— 
When the air not admitted freely underneath the nappe, the 
phenomena become more complicated. The nappe may either 
depressed, result air being imprisoned underneath less 
than atmospheric pressure, may wetted underneath without 


| 


= 
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containing any air. The discharge for depressed nappe slightly 
excess that free nappe. The difference may rise nearly 
the moment when the nappe, the confined air being nearly 
exhausted, the point assuming the form nappe wetted 
underneath. The accidental entrance air from time time may 
vary the discharge little. The wetted nappes are more uniform. 
important distinguish two cases according the ressault, which 
produced below the nappe, distance from its foot, partly 
encloses it. 

from the coefficient for free nappe the relation 


The ratio only have certain values, experience has shown 


that does not exceed 2.5, because the form nappe wetted under- 
neath does not continue the head less than 0.4 For the maxi- 


than when surpasses 


the above formula applied weirs different heights, may 


shown that for the same value the absolute values not 


differ greatly from those given the equation 


vA 


which permits find absolute value the coefficient without 
using the ratio 

m 
Second Case. The Ressault Enclosing Part the neces- 
sary take into account the level the water below the weir, and, 


designate the difference level the crest the weir and 
the water below, the value becomes 


this formula, taken minus when the level the water 
the down-stream side below crest, and plus when above 
the crest. The formula can only applied within certain limits 
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Ifthe difference level water above and below the weir 
increased, moment comes when the ressault driven back from the 
foot the nappe until ceases enclose and changes then the 
preceding case. This pushing back the ressault takes place when 


the other hand, when the head insufficient throw back the 
ressault, necessary that the level below the weir sufficient 
sustain the foot the nappe and prevent the introduction air, 
which would cause the nappe return the depressed form. The 
preceding formula may simplified suppressing the small term, 
0.55, the parentheses, and, for compensation, slightly diminishing 
the two other coefficients. then becomes 


Sharp-Crested Weirs. Adhering Nappes.—The nappe may also take, 
though very rarely, particular form, the production which depends 
the width the dam and the form the upper part supporting 
the sharp crest. The nappe becomes completely attached the down- 
stream face the dam without the interposition air. The coefficient 
discharge then becomes very large and may rise high 1.30 
which corresponds absolute value the coefficient 0.55 
0.56. Adhering nappes present curious particulars, but they only 
occur exceptionally practice, may simply refer the special 
studies made them, included Annales des Ponts Chaussées for 
1891. 

Beam Weirs. Free Nappes.—Beam weirs are constructed square 
timbers the same cross-sectional dimensions, placed one upon 
another the desired height. The back and front faces the weir 
are vertical but the crest, instead being reduced sharp 
edge, presents horizontal surface, the width which equals the 
thickness the timbers. This circumstance completely modifies the 
conditions discharge, and, while this form weir readily con- 
structed, may, unfortunately, give considerable error the 


The free nappes appear under two distinct forms, according the 
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nappe contact with the horizontal crest, becomes detached 
the back edge such manner flow over the crest without 
touching the down-stream edge. the second case the influence 
the flat crest evidently disappears and the discharge like that over 
weir. The nappe assumes this form when the head 


exceeds twice the width the crest, measured the direction 
discharge, but may occur whenever the head exceeds Between 


these limits the nappe state instability; tends detach 
itself from the crest and may under the influence any external 


disturbance, as, for example, the entrance air the passage 
floating body over the weir. 


When the nappe adheres the crest, the coefficient depends 


chiefly the ratio and may represented the formula, 


Varies, consequence, very rapidly. have, 
detached. 


When exceeds 2.00, =1.0). will seen that between 


value, or, may remain constantly equal unity, according the 
nappe attached free from the crest. 


Very Wide Crests.—When the width the crest considerable, 
2m., for example, the foregoing formula still applicable, giving 


results within few per cent. The value then reduces few 
tenths and the ratio also becomes much smaller, that may not 
exceed 0.35. For example, head 0.45 (1.476 ft.) weir 


absolute value 0.337. The formula gives 0.732 and asa 
result, 0.326. 
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Effect Rounding the Crest the Back.—A slight rounding the 
back edge the crest very sensibly modifies the discharge. Fteley 
and Stearns have shown that rounding the back edge the crest 
radius augments the discharge amount equal that given 
head increased 0.7 This equivalent increasing the 


The radius their experiments did not exceed 0.039 ft., 


and clear that this approximate mode correction will not apply 
cases where the radius notably greater. have experimented 
two weirs, respectively 0.80 (2.624 ft.) and 2.00 (6.56 ft.) 
width, with crests rounded the back radius 0.10 (0.328 
ft.), and this modification has had the effect increasing the discharge 
the first these weirs and 12% the second. simple 
rounding cm. radius, such results from wear timbers 
ordinary dimensions, means negligible from the point 
view the resulting discharge. 

weir with crest wide, and rounded the back, gave, for 
the greatest head used the experiments, 0.373, value differ- 
ing little from that indicated theory for the case nappe flowing 
filaments parallel the horizontal surface the crest. This 
hypothesis may not, however, realized experimentally more than 
very imperfect manner, the surface the nappe undulates 
continually. 

Beam Depressed and Wetted Underneath.—The 
depressed nappes not differ greatly from the free. The coefficient 
first less than for free nappe, but approaches progressively 
value and finally exceeds slightly. differs this respect from 
sharp-crested weir, for which the coefficient for depressed nappe 
always superior that free nappe. makes 
this, whether the nappe clings the flat crest detached from 
it. either case the coefficient differs little from that for sharp- 
crested weir. The effect adherence the flat crest appears again 
for nappe wetted underneath, with this added difficulty, that the 
moment detachment underneath the water not apparent, and 


does not correspond any constant value other words, 


may take place either preceding following the formation the 
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nappe wetted underneath. necessary, this regard, distin- 
guish two cases according the height the dam greater less 
than about five times the width the crest. When 
the nappe detaches itself from the flat crest before becomes 
wetted underneath, and the intermediate state does not differ 
greatly from that for sharp-crested weir. When, the other hand, 
less than the does not detach itself from the flat crest 
before becoming wetted underneath, but very unstable the 
moment this transformation. 

long the nappe adheres the crest, this influence predom- 
inates, and Formula (10) most nearly applicable the nappe wetted 
underneath. the other hand, when the nappe detached from 
the flat crest, the conditions discharge approach more nearly those 
for sharp crest, which Formula (6) may applied. The two 
formulas give the same value when the head exceeds certain limit 


For heads less than Formula (10) gives values slightly too 
small, never differing from those the experiments, however, 
more than per cent. When the head exceeds h,, must take 
recourse the other formula, although it, likewise, gives values 
which are too small. The difference, rather more important this 
case, attains maximum, after which diminishes rapidly 
for increased heads. This maximum corresponds the moment 
when the nappe the point detaching itself from the 
crest. After has become detached, the influence width crest 
disappears and Formula (6) applies with very close degree 
approximation. 

will seen that the flat crest has the effect doubling each 
species nappe, that two formulas must applied according 
the nappe clings detached from the flat surface. 

Weirs with Wide Crests, and Batter the Faces.—The phenomena 
discharge become much more complex for weirs, such are often 
found practice, with batters greater less inclination the 
front and back faces. The influence the flat crest, which exerts 
slope the faces. The inclination the up-stream face, reduc- 
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ing the contraction, has the effect increasing the discharge. While 
that the down-stream face has, ordinarily, the same effect 
increasing the width the flat crest, that say, diminishes the 
discharge. The coefficient then, each particular case, depends 
not only the head, but the width the crest and the degree 
inclination the faces. is, therefore, exceedingly variable, and 
each type demands special study. 

Rounding the back edge the crest reduces the contraction 
considerably and may increase the value per cent. 
Considering, finally, the class weirs with completely curved 
profiles, such are occasionally encountered hydraulic practice, 
the value may attain relatively The coefficients for 
such cases have not been arranged comparative tables, but enough 
particular cases are given serve guide practice. clearly 
impossible establish general formula which will take account 
all the elements that enter affect the discharge. 

Drowned Weirs.—We have given, discussing the experiments 
sharp-crested weirs drowned the water the down-stream side, 
two formulas; one which applies cases where the weir not deeply 
drowned. The other, which more general its application, 


=) N h 


The two formulas mentioned have been established repre- 
sent the best possible manner the experiments from which they 
have been deduced. cases where less precise approximation will 


suffice, Formula (11) may made applicable, altering slightly its 
coefficients, follows: 


3 


This new expression practically equivalent the two others 


and gives the same values within 2%, except when the ratios 
and are very small. The difference may then much 
5%, but this case the determination the coefficient 
always very uncertain. 


The effect drowning not the same for wide-crested weir. 


> 
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Raising the plane the water below the weir, which the case 
sharp-crested weir affected the flow the up-stream side before the 
water below had reached the height the crest, does not commence 
take effect wide-crested weir until after the level the water 
the down-stream side considerably above the crest; and the 
greater the width the less its ultimate effect. our 


experiments crest width have shown that the water 


the down-stream side must rise height above the crest equal 


the head before affects the level the up-stream side. 


When the plane surface, which forms the crest weir, very 
wide, constitutes sort channel, and, measure, the length 
this channel increased, the conditions discharge depart from 
those which pertain weir, properly speaking, and approach those 
for channel with horizontal bottom. 


the beginning the study Bazin’s work was the writer’s 
opinion that his coefficients could fairly extended depths the 
about ft. without material error, and this basis number 
discharge curves were worked out the manner described. 
further study, however, seemed probable that some Bazin’s 
Series, especially Nos. 130 and 135 and few others might some- 
what too high for deep flows, for the reason that depths the 
crest from about 0.6 1.0 ft. the nappes were depressed and 
adherent, and above 0.6 1.0 ft. were wetted underneath, thus 
indicating that probably the conditions the experiments were such 
not insure the free admission air beneath the nappes, this 
condition leading higher flows than with air freely admitted. Or, 
the other hand, Bazin himself points out, the limit perfect 
detachment may not have been reached his experiments. 

Again, Bazin’s weirs were constructed with closed fronts, thus 
offering opportunity for adhering nappes, while actual practice, 
for sections corresponding Series Nos. 130 and 135, the water gener- 
ally flows over lip, the nappe dropping into free air space below. 
This general condition illustrated the dams shown several 
the illustrative figures following. The conditions the ends such 
dams are such usually permit the free admission air. 
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CORNELL UNIVERSITY 
EXPERIMENT NO.1 
BAZIN’S SERIES NO. 130 
MAY 20TH, 1899. 

Length of crest 6.58 ft. 


Number of experiments, 7. 


Limiting heads, 1.19 ft. and 4.97 ft. 
Head, 
/ 


SERIES NO. 130 


No. of h=depth Mm=coefi- C=mV2g= 


experi- on crest, cient of . coefficient 
ment. in feet. discharge. for Francis’ 
formula. 
1 0.274 0.4037 8.24 Nappe depressed or 
2 0.336 0.4138 3.82 adhering, but 
3 0.396 0.4213 3.37 unstable. 
4 0.452 0.4339 3.48 
5 0.510 0.4458 3.57 
6 0.4546 3.65 
0.4663 3.74. Nappe wetted under- 
8 0.4694 3.76 neath and attached 
9 0.4769 3.83 to flat crest. 
0.4801 3.85 
0.4882 3.92 
0.4893 3.92 
0.4949 3.97 
0.4970 3.99 
0.4988 4.00 
0.5011 4.02 
0.5081 4.04 
0.5061 4.05 
0.5074 4.07 
0.5105 4.09 
4.12 
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Head, 
in feet. 


CORNELL UNIVERSITY 
EXPERIMENT NO. 2. SERIES NO. 135. 
BAZIN’S SERIES NO. 135. 
No. of h=depth m=coefi- C=mV2g= 
May 24TH, 1899. experi- on crest, cient of coefficient 
ment. in feet. discharge. for Francis’ 
Length of crest 6.58 ft. formula, 
Number of experiments, 7. 1 0.224 0.3727 2.99 Nappe depressed. 

Limiting heads, 0.341 ft. and 5.05 ft. 2 0.292 0.3839 3.08 

3 0.353 0.3912 3.18 

4 0.422 0.3981 3.19 

6 0.541 0.4127 3.31 

0.4012 3.220 1.15 7 0.597 0.4243 3.40 
0.4285 3.440 3.44 8 0.657 0.4264 3.42 Nappe wetted 
0.4474 6.59 9 0.712 0.4347 3.49 underneath. 

0.4664 10.35 10 0.773 0.4394 3.52 

0.4598 14.59 0.66 0,829 0.4439 8.55 

0.4585 19,12 12 0.892 0.4496 3.61 

0.4598 24.15 Section 0.4575 3.67 

| 14 0.4614 3.70 

0.4625 47.84 ' 17 0.4740 3.80 

54.54 0.4757 3.82 

19 0.4839 3.88 

20 0.4824 3.87 

21 0.4847 3.89 
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© Cornell Experiments 


Value 


3.0 5.0 6.0 


Head Crest Weir Feet 


= <b 


CORNELL UNIVERSITY 
EXPERIMENT NO. 
May 26TH, 1899. 
<j Length of crest 6.58 ft. 
= Number of experiments, 3, 
[a=] Limiting heads, 1.75 ft. and 5.28 ft. 
Head, 
°o in feet. m C=m V2 g Q per foot. 
0.5 0.412 1,18 
1.0 0.416 3.38 
0.416 3.340 6.13 
2.0 0.418 9.49 
2.5 0.420 3.370 
4.0 0.421 3.380 17.55 
0.422 3.388 22.18 

5.5 0.422 3.890 43.71 
3.7 6.0 0.422 49.81 
3.6 

3.5 

Free 
3.3 
3.0 
0.0 
Head Crest Weir Feet 


| 
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0.5 
1.0 


Yj 


Head, 
in feet. 


MAY 26TH, 1899, 


Length of crest 6.58 ft. 


Number of experiments, 6, 
Limiting heads, 0.917 ft. and 5.11 ft. 


C=mV2g Q per ft. 


m 


0.429 
0.482 
0.434 
0.434 
0.434 
0.434 
0.434 
0.434 
0.434 
0.434 
0.434 


CORNELL UNIVERSITY 
EXPERIMENT No. 


3.440 
8.405 
3.480 
3.485 
3.480 
3.480 
8.480 
3.480 
8.480 
3.480 
3.480 


3.44 

6.36 

9.83 
13.77 
18.07 
22.77 
27.83 
33,20 
38.89 
44.88 
61.13 
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Head Crest Weir Feet 
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EXPERIMENT NO. 5. 
MAY 27TH, 1899. 
Length of crest 6.58 ft. 


Number of experiments, 5. 
Limiting heads, 1,689 ft. and 5.085 ft. 


Head, 

0.454 3.64 
0.476 3.82 3.82 
0.478 
2.0 0.4596 3.688 
2.5 0.4474 3.590 
3.0 3.551 
3.5 0.4424 8.550 
4.0 0.4424 
4.5 8.550 
5.0 0.4424 
5.5 
6.0 
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Value C=m 


CORNELL UNIVERSITY 
EXPERIMENT No. 


BAZIN’S SERIES No. 162, 
MAy 27TH, 1899. 
Length of crest 6,58 ft. 
From full line coefficient curve below 


Number of experiments, 5. 
Limiting heads, 1.695 ft. and 4,745 ft. 


Head 
4.214 1.50 
1.0 0.5288 4.241 4.24 
4.088 7.52 
2.0 0.4949 
0.4848 
3.0 19.90 
0.4708 24.75 
4.0 0.4661 
0.4620 35.40 
5.0 0.4585 
0.4548 3.650 47.08 
6.0 


4 Bazin’'s Coefficients 
© Cornell Experiments 


1,0 


CORNELL UNIVERSITY 
EXPERIMENT No. 


BAZIN’S SERIES No. 162. 
May 27TH, 1899. 


Length of crest 6.58 ft. 


Coefficients from dotted curve on coefficient diagram showing 
effect of a change of position of the mean coefficient curve. 


Head, 
in feet. ™m C=m V2g Q per ft. 
0.5 0.525 4.21 1.50 
1.0 0,529 4.24 4,24 
1.5 0.505 4.05 7.43 
2.0 0.486 3.90 11.02 
2.5 0.476 3.82 15.10 
3.0 0.467 8.75 19.48 
3.5 0.464 3.72 24.35 
4.0 0.461 3.70 29.60 
4.5 0.459 3.68 35.11 
5.0 0.453 3.67 41,03 
5.5 0.455 3.65 47,08 
6.0 0.453 3.65 53,35 


Head Crest Weir Feet, 


SERIES No. 


C=mV2g= 
No. of h=depth M™ = coefli- coefficient 
experi- on crest, cient of for Francis’ 
ment, in feet. discharge. formula, 
1 0,302 0.5262 4.2 
2 0.360 0.5254 4.2 
8 0413 0.5257 4.2 
4 0.472 0.6228 4.20 
5 0,529 0.5246 4.2 
6 0.586 0.5250 4.21 
7 0.644 0.6233 4.20 
8 0.697 0.5228 4.20 
9 0.755 0.5253 4.22 
10 0.810 0.5280 4.24 
ll 0.866 0.5310 4.26 
12 0,923 0.5806 4,25 
13 0.982 0.5805 4,25 
14 1.037 0.5301 4.2 
15 1,099 0.5287 4.24 
16 1.163 0.5241 21 
1.2% 0.5187 4.16 
18 1,297 0.5164 4.14 
19 1,350 0.5137 4.12 


— 


CORNELL UNIVERSITY 
Fa EXPERIMENT No.8. SERIES No. 178, 
4 BAZIN'S SERIES No. 178. 
No. of h=depth m=coehi- C=m V2g= 
a May 30TH, 1899. experi- on crest, cient of coefficient 
pu, ment. in feet. discharge. for Francis’ 
Length of crest 6.58 ft. formula. 
Upstream face covered with 1"mesh galvanized wire screening. 1 2.33 
Number of experiments, 5. ; = 
Limiting heads, 1.057 ft. and 5,011 ft. 4 3.08 
5 3.13 
Head 5 
3.140 Lu 8 0.4093 3.28 
3.422 10 0.4190 
ll 0.4271 
0.4379 
14 0.4398 
0.4467 
ak 16 0.4493 
0.4540 
0.4567 
0.4600 


0.4633 
0.4670 
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> 
= Head, 
feet. C=mV per ft. 
CORNELL UNIVERSITY 
0.5 3.160 1,12 
= EXPERIMENT No.7, Ne 3.435 3.44 
3 ee — May 29TH, 1899. 2.5 3.668 14.49 
> O Cornell Experiment No. 7 3.0 3.670 19.06 
o “ “ No. 8 Length of crest 6.58 ft. 3.5 3.675 24.05 
Number of experiments, 4. be 0.450 3.682 29.45 
| imiting heads, 2.499 ft. and 5.0 0.457 3.668 40.98 
| 5.5 0.456 3.658 47.17 
| m 6.0 0.455 3.055 63.72 
| = 
2.0 3.0 4.0 5.0 6.0 


Head Crest Weir Feet. 
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EXPERIMENT NO. 
BAZIN’S SERIES NO. 173. SERIES NO. 173. 
experi- on crest, cient of coefficient 


Length of crest 6.58 ft. ment. in feet. discharge. for Francis’ 
Number of experiments, 4. formula, 

Limiting heads, 1.677 ft. and 4.842 ft. 1 0.346 0.3962 3.18 
2 0.410 0.4030 3.23 
Head, Vaz 8 0.471 0.4159 3.34 
6 0.594 0.4223 3.39 
0.5 0.4112 3.3 1.17 6 0.658 0.4233 3.39 
1.0 0.4450 3.570 8.57 7 0.714 0.4819 3.46 
1.5 8.595 6.60 8 0.769 0.4363 3.50 
2.0 3.610 9.92 9 0,834 0.4393 3.52 
3.405 13.83 10 0.892 0.4438 3.56 
3.496 18.16 n 0.960 0.4447 3.56 
3.510 22.97 12 1.021 0.4480 8.59 
3.537 13 1,074 0.4532 3.63 
3.560 33.96 14 1,137 0.4555 3.65 
3.568 39.87 15 1.196 0.4572 3.67 
3.568 46.01 16 1.260 0.4610 8.70 
3.568 52 44 7 1.315 0.4619 8.71 
18 1.375 0.4052 3.73 


1.386 0.4642 
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3.0 4.0 


Head Crest Weir Feet 
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CORNELL UNIVERSITY 


EXPERIMENT NO. 10, JUNE 1899 
5 BAZIN'S Length of crest 6.58 ft. 
SERIES NO. 114. 
= Number of experiments, 5. 
No. of h=depth mV2 g= Limiting heads, 2.038 ft. and 5.324 ft. 
experi- on crest. coefficient Head 
“ ment. In feet. discharge. for Francis’s In feet. m C=mV 2g @ per ft. 
formula. (1) (2) (8) (4) 
0.204 0.3073 2.47 0.5 0.324 
0.578 0.8241 2.60 3.5 0.388 3.118 
0.735 0.327 2.63 4.5 3.297 81.45 
9 0.810 0.3281 2.63 5.0 0.422 3.388 37.86 
12 1.084 0.3336 2.68 + * Bazin’s coefficients, 
3.4 
1.384 

eT 
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BAZIN'S 


SERIES NO. 116. 


No.of h=depth 


experi- on crest, 
ment. An feet, 
1 0.177 
2 0,225 
8 0.296 
4 0,367 
5 0,435 
6 0.504 
7 0.537 
8 0.639 
9 0.713 
10 0.781 
ll 0.849 
12 0,917 
13 0.986 
14 1.053 
16 1,120 
Bazin 16 1,185 
Section 17 1,251 
1.317 


m=coefi- C=m\V2g= 


cient of coefficient 
discharge. for Francis’ 
formula, 
0.3372 2.71 
0.3526 2.88 
0.3607 2.90 
0.3637 2. 
0.3679 2.95 
0.3707 2,98 
0.3731 2.99 
0.3753 3.01 
0.3734 3.00 
0.3742 8.00 
0.3764 3.02 
0.3765 3.02 
0.3797 3.05 
0.3813 3.06 
0.3841 3,08 
0.3859 8.09 
0.3863 3.10 
0.3888 8.12 


CORNELL UNIVERSITY 


EXPERIMENT NO. 11, 
BAZIN’S SERIES NO. 116. 


1899. 


Length of crest 6.58 ft, 
Number of experiments, 6, 
Limiting heads, 1.949 ft. and 5,208 ft. 


per 


8.116 


2.9 


2.8 
2.0 3.0 


Value 


A Bazin’s Coefficient 
OCorneil Experiments 


Head Crest Weir Feet 
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CORNELL UNIVERSITY 
EXPERIMENT 12. 


BAZIN’S SERIES NO. 115. 


JUNE 20, 1899. 


Length of crest 6.58 ft. 
Number of experiments, 4. 


Limiting heads, 2.175 ft. and 5.102 ft. 


2.502 * 


m 


0.3117 
0.8238 
0.3170 
0.3095 
0.3088 
0.3133 
0.3193 
0.3251 
0.3307 
0.3364 
0.3414 
0.3437 


m 


2.600 
2.545 
2.485 
2.480 
2.515 
2.563 
2.610 
2.655 
2.700 
2.740 
2.760 


* Bazin’s coefficient. 


BAZIN'S 


SERIES NO. 115. 
m =coefli- 


cient of 
discharge. 


0.2747 
0.3004 
0.3047 
0.3123 
0.3119 
0.3184 
0.3178 
0.3194 
0.3243 
0.3245 
0.3245 
0.3250 
0.3281 


0.3294 


0.3302 
0.3342 
0.3348 
0.3365 
0.3362 


C=mV2g= 
coefficient 
for Francis’ 
formula. 


2.25 
2.41 
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Value 
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4 Bazin's Coefficients 
O Cornell Experiments 


Head Crest Weir Feet 


BCBWYy 


CORNELL UNIVERSITY 
EXPERIMENT 


BAZIN’S SERIES NO. 
JUNE 20, 1899, 


Length of crest 6.58 ft. 
periments, 
1.016 ft. and 4.830 fr. 


C=m 


2.716 
2.828 
2.842 
2.844 
2.850 
2.860 


SERIE 


h=depth 
on crest, 
in feet. 


0.158 
0.204 
0.289 
0.361 
0.426 
0.494 
0.562 
0.635 
0.708 
0.771 
0.834 
0,912 
0.989 
1.064 
1,129 
1,197 
1.267 
1,336 


C=m 
coefficient 

for Francis’ 
formula, 


2.19 
2.64 
2.57 
2.65 
2.73 
2.77 
2.83 
2.82 
2.86 
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Value C=m 


4. Bazin’'s Coefficients 


Cornell Experiments 


Head Crest Weir Feet 


29= 
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CORNELL UNIVERSITY 


EXPERIMENT NO. 14. 
REXFORD FLATS DAM. 


[Papers. 


JUNE 3R0, 1899. 


Length of crest 6.58 ft. 
‘Number of experiments, 6, 
Limiting heads, 0.924 ft. and 5.418 ft. 


Head, 
in feet. C=mV 2g Q per foot. 


2.850 
3.025 
3.160 
3.232 
3.255 
3.255 
3.250 
3.250 
3.245 
3.242 
8.238 
3.236 


SLIPS 


Head Crest Weir Feet 


> 


Value 
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CORNELL UNIVERSITY 
EXPERIMENT No. 
REXFORD FLATS DAM. 
With up-stream edge crest rounded 0,898 ft. 
JUNE 3D, 1899, 
mM 
Length crest 6.58 ft. 
4 Number of experiments, 4. = 
Limiting heads, 1.786 ft. and 4.439 ft. : 
Head, 
0.5 0.871 2.980 1.06 
1.0 0.389 3.120 3.12 
[<>] 15 0.400 3.210 5.90 
2.0 0.408 3.270 9.25 
< 2.5 0.412 3.306 13.07 Ey 
3.5 0.416 3.340 21.86 
4.0 0.415 3.331 26.65 
0.414 3.325 31.72 
5.0 0.413 3.315 87.15 
5.5 0.412 3.305 42.65 
6.0 0.411 3.300 48.48 
0.3 
< 
o 


3.0 
Head Crest Weir Feet 
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CORNELL UNIVERSITY 
EXPERIMENT No. 16. 


[Papers. 


LITTLE ‘FALLS DAM, SECTION No. 1. 
JUNE 5TH, 1899, 


Length of crest 6.58 ft. 


Number of experiments, 4. 
Limiting heads, 1.735 ft. and 4.339 ft, 
Head 
0.5 
1.0 
0.428 6.30 
2.0 0.424 9.62 
2.5 0.421 3.880 
3.0 0.422 17.58 
4.0 0.428 3.436 27.48 
5.5 3.490 45.00 
6.0 0.436 51.44 
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Value C=m 


Head Crest Weir Feet 
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CORNELL UNIVERSITY 
EXPERIMENT 


LITTLE FALLS DAM, SECTION NO. 2. 
JUNE 5TH, 1899, 
Length of crest 6.58 ft. 


Number of experiments, 5. 
Limiting heads, 1.067 ft. and 4.836 ft. 


in feet. ™ C=mV 2g Q per foot. 


RAFTER FLOW WATER OVER DAMS. 


Value 


Head Crest Weir Feet 


Papers. 
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CORNELL UNIVERSITY 
EXPERIMENT NO. 18. 
SECTION OF SPILLWAY OF INDIAN LAKE DAM. 
JUNE 6TH, 1899. 


[Papers. 


Length of crest 6.58 ft. 
Number of experiments, 5, 
Limiting heads, 1.277 ft. and 5.180 ft. 


Head, 
in feet. C=m V2 g Q per foot. 


SLOSS ms 


Value 


4.0 
Head Crest Weir Feet 
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EXPERIMENT No. 
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SECTION FOR SUBMERGED WEIR, 


Length of crest 6.58 ft. 
Number of experiments, 


Limiting heads, 0.887 and 4.918 ft. 


1.04 
3.17 
6.06 


9 
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April 14th, 1899, the writer visited the new Cornell University 
Hydraulic Laboratory and once saw that fine opportunity was 
offered there experiment flows over weirs much higher heads 
than had hitherto been possible; and communicating his views 
the United States Board Engineers Deep Waterways, was 
permitted undertake series experiments co-operation with the 
University authorities. Messrs. Wallace Greenalch, Assoc. Am. 
Soc. E., Robert Horton, and George Cook were detailed from 
the Deep Waterways engineering corps for this work, which was done 
co-operation with Professor Gardner Williams, Am. Soc. 
E., Engineer Charge the Hydraulic Laboratory, permission 
use the same having been obtained correspondence with Professor 
Fuertes, Am. Soc. E., Director Cornell University 
College Civil Engineering. The writer gave the experiments 
general supervision, the working out the details being mostly left 
Mr. Greenalch and Professor Williams, Mr. Greenalch undertaking 
construct the necessary flumes, bulkheads, experimental weirs, 
etc., and Professor Williams preparing and taking charge the 
measuring apparatus. The reductions were made Messrs. Green- 
alch, Horton and Cook under the direction the writer. 

Fig. plan and section the experimental channel the Cor- 
nell University Hydraulic Laboratory. This laboratory has been 
quite fully described Engineering News for March 2d, 1899, and 
farther description will given here than necessary explain the 
experiments. 

Description the Arrangements for the Experiments.—The canal 
which the experiments were made consists, briefly, channel with 
sides and bottom concrete. 418 ft. long, ft. wide and ft. 
deep. The gradient the bottom the channel the rate ft. 
500. bulkhead composed 12-in. timbers, situated about 
ft. from the upper end, divides the channel into two chambers. 
standard sharp-edged weir, ft. length, was placed this bulk- 
head, the crest the weir being 13.13 ft. above the bottom the chan- 
nel. The upper chamber above the bulkhead has higher side walls 
than the lower chamber, which admitted depth ft. water. 
the lower end the channel another timber bulkhead closes the 
lower chamber, and this the weirs experimented upon 
were built. The top this bulkhead was about 4.8 ft. above the 
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perimental Weir 
Lower Piezometer Pipe. 


-. Ex 


Piezometers 
Experimental Weir on 
Lower Bulkhead. 


Bides left open 
to Admit 


~ Middle Piezometer Pipe. 


Piezometer Pipe. 


Diagram Showing the Special Arrangements 
at Cornell University Hydraulic Laboratory 
for the Experiments on Flow over Weirs 
of May-June, 1899. 
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bottom the channel. The heights vary slightly for each experi- 
mental weir, the exact height each being shown the sections 
the head the tabulations results. 

order obtain heads about ft. the lower weir the 16-ft. 
wooden flume, shown Fig. flume was 6.56 ft. wide for 
distance ft. above the lower bulkhead and then expanded 
width ft. length 8.3 shown. The flume was con- 
structed matched, white pine boards 1.75 ins. thick, planed the 
inside and held place bents 4-in. timbers. the lower 
bulkhead was water-tight for the whole width the channel, 
attempt was made construct the sides and bottoms the flume 
absolutely water-tight, although they were practically so. Inasmuch 
nearly equal pressure both sides flume would permit 
greater economy construction, two boards were left off each side 
the upper end, thus allowing the water enter the sides between 
the flume and the concrete walls the main canal. This arrange- 
ment also diminished greatly the area water-tight work. The sides 
the flume were extended from ft. below the bulkhead. 
according the form weir experimented upon, thus preventing 
lateral expansion the nappe after passing the weir and crest. Open- 
ings were left each side this extension below the level the crest 
order certainly allow free access air under the nappe. The 
vertical fall the water from the crest the experimental weir the 
rock below was about 12.2 ft. 

There pond acres above the main reservoir dam, the 
surface which was raised about 1.7 ft. means flash boards 
placed the main spillway. The water surface thus obtained was 
about 5.4 ft. above the crest the standard weir. Water from the 
reservoir was admitted into the upper chamber through six wooden 
sluice gates, operated rack and pinion apparatus with long levers. 

The sharp-edged standard weir was composed 3.5 5-in. steel 
angle, secured lag screws 12-in. oak timber, shown 
After bolting the angle-iron into place the timber, the edge 
the 5-in. leg was planed and dressed true line in. width, 
and carefully leveled position the upper bulkhead. Air was 
admitted freely under the nappe means deflecting boards each 
end the weir. The fall the water from the crest the standard 
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weir the water surface the lower chamber varied from about 
ft., according the quantity water flowing. 

The velocity the water passing through the regulating gates 
the extreme head the channel was checked three screens the 
upper chamber. The first two consisted 12-in. timbers placed 
horizontally with the wide face toward the current, and spaced from 
apart. Below these was third screen in. mesh, gal- 
vanized wire netting. screen, composed in. in. boards, 
laid horizontally with the edges the current and spaced ins. apart, 
was placed about ft. below the upper bulkhead, and served quiet 
the water the lower chamber. 

The heads the weirs were measured means piezometers, 
constructed follows: 1-in. galvanized iron pipe, with holes in. 
diameter and spaced ins. apart, was laid across the channel about 


above the bottom, with the holes therein opening downward. Con- 


nections with these pipes were made pipes passing through the 
bulkhead point below the weir, where the gauges could easily 
connected hose. The gauges were in. internal 
diameter, mounted wooden standards, and read ascale graduated 
2-mm. spaces. Three piezometers were set each weir, shown 


Fig. though readings were taken only the upper two. 


order check the accuracy the piezometric readings, the con- 
clusion Experiment No. 17, fourth piezometer pipe was set the 
bottom the flume above the lower bulkhead, and about ins. 
up-stream from the upper piezometer. This pipe was set with 
holes directly top, and with the top the pipe flush with the 
bottom the flume. Readings were taken simultaneously both 
piezometers, and considerable differences noted. 

the lower weir the height the flowing water the flume and 
the still water behind the flume was read scales marked the 
side the flume. These scales were divided 0.05 ft. and read 
interpolation 0.01 ft. Similar gauges were set the upper chamber 
and the reservoir, and readings each were taken every five 
minutes. 

addition the gauge board the upper chamber, float gauge, 
read dial 0.01 ft., was set directly over the upper piezometer. 
The float this dial gauge was heavy, sheet-tin, air-tight vessel, 
weighted with shot and caused move vertically with the water 
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the interior length 8-in. cast-iron pipe, suspended from two 
timbers across the upper channel. The dial was placed such 
position read easily the assistants operating the gates 
the upper end the channel, thus insuring that the depth over the 
standard weir easily maintained substantially constant head, 
required. 

The experimental weirs different sections were all made 
planed, white pine boards about in. thick, fastened together with 


screws easily removable. Leakage from the bulkheads 


gates the lower end the channel was effectively stopped caulk- 
ing with oakum and pitch, and also the application wheat bran 
from time time. 

Observations showed that the upper bulkhead was practically 
water-tight, but the side gates, near the lower bulkhead, there was 
slight leakage, which has been taken 0.5 cu. ft. per second for high 
heads and 0.25 cu. ft. per second for low heads, and proportionally 
between. The main channel, with side walls concrete, considered 
water-tight. 

The foregoing allowances for leakage are taken cover the slight 
evaporation and absorption loss into the sides the main channel. 

Reduction the Experiments.—The method conducting the experi- 
ments was, general, follows: The main head gates the entrance 
the canal were open such width that the dial gauge showed 
head ft. above the standard 16-ft weir. They were retained 
this position until uniform regimen flow was established the 
and maintained for period from minutes, during 
which time the piezometers were read both weirs intervals 
seconds. Atthe close sucha period the head gates were lowered until 
the dial gauge showed reading 2.5 ft. head upper weir, suf- 
ficient time being allowed elapse establish and maintain new 
regimen flow, the same this way piezometric observa- 
tions were taken during several periods different heads each experi- 
ment, usually terminating with head about ins. ft. the 
upper weir. Insome cases the varying the head the upper weir 
uniform decrements ins. was not adhered to. 


The method treating the piezometric readings, obtained 
upper curve shows the readings taken the upper weir (16 ft. 
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Middle Piezometer, Standard Weir. 


FLOW OVER STANDARD SHARP- 
CRESTED WEIR WITH FREE OVER- 
ALL. FROM CURVE DISCHARGE 


ATER OVER DAMS. 


Gauge Readings in Centimeters on 


Lower Weir, length, Upper Weir, length, 


Papers. 


Diagram Showing Actual Gauge Readings on 
Piezometers at Standard and Experimental Weirs for 
Cornell University Experiment No, 20, together with 

the Periods of Normal Flow and Corrected Heads 
in Feet used in the Reduction of the Experiments, 


150 


ental Weir, 


120 
CORNELL 3 


N 
Length of crest 6.53 ft; Nt i 
Number of experiments, 13, 4 
r] Limiting heads, 0.746 ft, and 4.874 ft. vias) 
Head, 
0.0 0.0 Head, s 
0.3 0.60 2.4 0.4094 3.285 12.30 4.5 0.4125 3,311 31.62 3 
0.4 : rod 0.87 2.5 0.4094 3.284 13.03 4.6 0.4126 3.312 32.72 8 
0.5 0.4230 1.20 2.6 0.4094 3.284 13.80 4.7 0.4129 3.314 33.80 400 
0.6 0.4215 1.56 2.7 0.4094 3.284 14,55 4.8 0.4130 3.315 34.90 a 
0.7 0.4204 1,95 2.8 0.4094 3.284 16.35 4.9 0.4131 3.316 85.97 = 
0.8 0.4194 2.37 2.9 0.4094 3.284 16.17 5.0 0.4133 8.317 37.09 30 % 
0.9 0.4186 2.86 3.0 0.4094 3.286 17. 03 5.1 0.4133 8.317 38,20 & 
1.0 0.4174 3.35 3.1 0.4095 3.286 5.2 0.4133 3,317 39.32 
1d 0,4166 3.86 3.2 0.4095 3.287 6.3 0.4134 3.318 40.47 20 8 
1.2 0.4158 4.43 3.3 0.4095 3,288 6.4 0.4184 3,818 41.63 
1.3 0.4150 4.97 3.4 0.4098 3.290 6.5 0.4135 3.319 42.81 2 
1.4 0.4145 5.32 8.5 0.4099 3,291 5.6 0.4185 8,819 44.00 10 
1.6 0.4126 6.10 3.6 0.4102 3.293 5.7 0.4135 3.319 45,20 
1.6 0.4129 6.70 3.7 0.4106 3.295 5.8 0.4136 3.820 46.50 o 
17 0.4122 7.32 3.8 0.4107 3.297 5.9 0.4136 3.820 47.74 0 
1.8 0.4115 7.95 3.9 0.4109 3.298 6.0 0.4136 3.820 48.81 
1.9 0.4109 8.60 40 0.4112 3,300 
2.0 0.4106 9,32 4.1 0.4113 3.302 
2.1 0.4100 10.05 4.2 0.4116 3.304 
2.2 0.4097 10.77 4.3 0.4118 3.306 
2.3 0.4095 11.56 4.4 0.4122 3.308 


8.35 3.40 3.45 3.50 3.55 4.00 4.05 4.10 4.15 4.20 4.25 4.30 4.35 4.40 445 4.50 4.55 5.00 5.05 5.10 5.15 5.20 5.25 530 5.35 540 5.45 5,50 


Time, P.M, 
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length), and the lower curve the readings taken the lower experi- 
mental weir for Experiment No. the Rexford Flats dam. These 
two curves, plotted, show the actual readings taken, centimeters, 
without corrections any sort kind. The several periods 
the upper curve, and the corresponding periods (B-B) the lower 
represent the actual periods taken the reductions for each 
height experimented upon. mean the actual readings for these 
periods has been taken the mean head during each experimental 
period. 

Fig. plotting similar curves for Experiment No. 
sharp-crested weir, made June 10th, 1899. The explanations for 
Fig. apply equally this figure. Attention may directed the 
method exhibiting the continuous curve flow, shown Figs. 
and Its use the present case credited Professor 
Williams. The writer has never seen used before, and, 
original with Professor Williams, entitled very great credit 
for this particular feature the experiments. 

order calibrate the upper weir (16 ft. length), and thereby 
determine the quantity water flowing the lower canal and over 
the experimental weirs, Experiments Nos. and were made. 
These experiments apply sharp-crested weir standard form, 
height, placed the lower end the canal. basis 
for the reduction Experiments Nos. and discharge curve has 
been computed for the upper weir for heads 0.6 (1.969 ft.), 
using Bazin’s formula: 


and 


where 

discharge over weir, cubic feet per second; 

discharge; 

height crest weir up-stream side above bottom 
channel approach, feet; and 

coefficient which depends upon the height the weir 
and which has been taken from Bazin’s table.* 


dnnales des Ponts Chaussées, Mémoires Documents, 1888, 446. 
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Standard Weir, 


Gauge Readings in Centimeters on Middle Piezometer, 


RAPTER FLOW WATER OVER DAMS. 


2.15 2,20 2,25 2,30 2,35 


Papers. 


EXPERIMENT NO. 
JUNE 3, 1899, 


2 


Diagram Showing Actual Gauge Readings on 
Piezometers at Standard and Experimental Weirs for 
Cornell University Experiment No, 14, together with 
the Periods of Normal Flow and Corrected Heads 
in Feet used in the Reduction of the Experiments. 


Time, P.M. 
Fie, 


perimental Wein, 


— 


Gauge Readings in Centimeters on Up-stream Piezometer, Ex 


2,40 245 2.55 3.00 3.05 3.10 3.15 3.20 3,25 3,50 
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the reduction Experiments Nos. and 21, the mean readings 
the middle piezometer the upper weir were added the differ- 
ence elevation the gauge zero and the mean crest basis 
for computing the flow the upper channel. The discharge corre- 
sponding the heads obtained was then taken off the discharge 
curve computed from Bazin’s formula for all the periods which the 
observed head was less than 0.6 (1.969 ft.). The approximate correc- 
tion applied for velocity approach the standard weir 
then computed follows 

Let true head crest weir, feet; 

=the observed head, feet 
discharge over the weir under the head per lineal foot 
crest 
under the head per lineal foot crest and 
weir crest above channel bottom, feet. Then 
also, 


being determined from the discharge curve, approximate 
value and the corresponding velocity head was computed and 
the approximate value the velocity head obtained added the 
observed head which was used determining and 
with more precision. enerally, two successive applications these 
formulas were found sufficient determine the velocity head with the 
desired degree accuracy. this way the final corrected head 
was obtained. After applying correction for leakage, perco- 
lation and surface evaporation, the corresponding discharges 
Bazin’s formula have been used determining the coefficients for the 
sharp-crested experimental weir (6.53 ft. length) for heads 
3.5 ft., produced heads not exceeding ft. the upper weir (16 
ft. length). 


The foregoing correction for velocity approach merely the 


2 
addition the observed heads determined for the actual 


flows each experiment. Messrs. Fteley and Stearns have experi- 
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mented the effect velocity with reference 
that part represented the vis viva the water, and state 
their classical that, for the conditions their experiments, 
corrections velocity approach added the observed heads 
are best represented 


The problem correction for velocity approach discussed 
length Hamilton Smith, Am. E., his Hydrau- 
lies,” the conclusion being that, for weir with full contraction and 
having unobstructed channel considerable length, the correction 
should about 


For end contractions suppressed, adopts the values 


1.33 and 1.40 


the present case has seemed preferable use 
v2 
although the entire suppression end contractions might appear 
indicate higher correction for the velocity approach. This view, 
however, based upon other considerations, namely, the actual 
locations the piezometers. 

Messrs. Fteley and Stearns have pointed out that for standard 
sharp-crested weirs the head should measured about ft. back 
from the crest, but the present case the heads have been measured 
much farther back. the upper 16-ft. weir the heads were measured 
the middle piezometer for all experiments, except Nos. and 
for which they were measured the upper piezometer. These 
latter observations have been reduced the basis the middle 
piezometer—which was ft. back from the weir—by methods 
detailed farther on. 

the lower experimental weirs the heads were measured for all 
experiments the upper piezometer ft. above the bulkhead 
which the experimental weirs were placed. This location was selected 
order insure the piezometers being well above the long back 


Transactions, Am. Soc. E., Vol. xii, 
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slopes Experiments Nos. 14, and 16, any other similar 
series which might appear desirable make. 

Messrs. Fteley and Stearns remark that the only inaccuracy 
come from measuring the heads more than ft. back will that due 
surface slope. will now the possible effect 
this the present case. 


For observed head 2.693 ft. the standard 16-ft. weir 


(a) 
and 


The difference 0.004 ft. far enough within the limit accuracy 
negligible. 


The corresponding observed head the experimental weir, 6.56 ft. 
length, 4.677 giving 


also 


The difference 0.072 ft. 


with equal (38 ft.—the distance between where the 
piezometer should have been comply with theoretical conditions for 
standard weir and where was actually computing for 
under head 4.677 ft. the experimental sharp-crested weir, 
find 0.061 ft., which differs from the preceding difference 0.072 
ft. 0.011 ft. slightly lower heads this difference disappears 
rapidly become inappreciable, far effect the coefficients 
discharge concerned. 


was concluded, therefore, that for the conditions the present 
case, 


gave more nearly the true correction than any other accepted 
formula. 


his experiments comparing flows over standard weirs with flows 
over the several experimental sections, Bazin himself did not make 


q 


Velocity Head Feet for Actual Position Piezometers= 


Note: The Correction for Velocity Head (39) 


in effect Equivalent to h,=1.33 for 


position of Piezometer 6.0 Feet of 


Feet. 


Experiments on the Flow of Water over Weirs 
made at Cornell University, May-June, 1899, 
Curve Showing Discharge over Standard 16-Foot Weir, 
Computed from Experiments No’s 20 and 21. 

Also Correction to be Applied to Observed Heads 
for Velocity in Channel of Approach 
to the Standard Weir, 
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any corrections for velocity approach. working the ratio 
this point, note what says page 264. 


the necessity for such corrections was substantially eliminated. 


Final coefficients discharge for the several weirs have been 
obtained from the formula 


which 

total flow over experimental weir, cubic feet per second 

final corrected head experimental weir, feet. having 
been previously found, was determined from the mean the read- 
ings, for each period experiment, piezometer connected 
horizontal tube placed flush with the bottom the channel 
approach. The correction for velocity approach was then computed 
the formulas just given, using appropriate values andh, 
being known from the previous work, described. 

The values the coefficients and connected the relation 

having been determined for the actual heads deduced from the experi- 
ments, the values obtained were plotted and mean curve 
drawn best represent the observations. new series coefficients 
advancing equal increments have been read from the curve 
obtained, shown the tabulations the experiments, Nos. 
21, pages 272 289, inclusive, and page 295. 

Values the discharge per lineal foot crest, have been 
computed the formula 

Having obtained the discharge over the sharp-crested experimental 
weir for heads 3.5 ft., the curve discharge for the standard 
weir was extended the height ft. using the coefficients 
obtained just described. Fig. shows this curve, well the 
curve applied observed heads for velocity the 
approach the standard weir. The additional experi- 
ments made sharp-crested weir heads above 3.5 ft. were then 
reduced precisely the same manner before, giving finally series 
coefficients discharge over sharp-crested weir with range 
heads from 0.746 ft. 4.874 ft. 
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Correction Curve for Reduction of Readings 
of Up-stream Piezometer at the Standard Weir to 
Equivalent Readings Middle 
Applicable to Cornell University Experiments 
of May-June. 1899, 
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Number of Experiment 
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Corrections in Centimeters to be added to Heads from Up-stream Piezometer. 


Head Crest Standard Centimeters, from Up-stream Piezometer Readings, 


ak 
ls 
ik 
= 


304 RAFTER FLOW WATER OVER DAMS. [Papers. 


The method used reducing the experiments weirs having 
crests irregular profile the same for the sharp-crested weir, 
with the following exceptions: 

addition the piezometric observations, direct observations 
the head weir were taken gauge boards situated above 
the standard and experimental weirs, respectively. The agreement 
between the heads derived and from the mean piezo- 
metric readings close all cases, with the exception the observed 
heads the experimental weir Experiments Nos. 2,3 and 
Without going into the detail, may stated that for these four 
experiments, which were the first made, the heads directly observed 
the gauge boards are apparently the more reliable, and they have 
accordingly been used reducing these four experiments. 

Again, Experiments Nos. and observations were 
taken the middle piezometer the standard weir. order 
reduce the observed heads actually taken the up-stream piezom- 
eter this weir equivalent heads the middle piezometer, cor- 
rection has been applied, the value which was obtained follows: 
Plotting the difference between the readings the upper and middle 
piezometers ordinates for all experiments which readings were 
taken both, and using the observed heads the up-stream piez- 
ometer abscissas, mean curve has been drawn, from which the 
correction applied any reading the up-stream piezometer can 
beread directly. This curve shown Fig. The reason for using 
the readings the middle, preference those taken the up- 
stream piezometer the standard weir, that the former agree more 
closely, the whole, with the readings the gauge board; also, the 
middle piezometer, which only ft. distant from the bulkhead, 
which the standard 16-ft. weir was located, more nearly the 
proper distance from the weir. Moreover, the up-stream piezometer 
was situated far back from the standard weir evidently 
disturbed somewhat the entrance velocity the water the 
leading channel. 

With the exception Experiments Nos. 18, 19, and 21, the 
readings the experimental weir were taken from piezometer 
placed horizontally across the channel approach height 
about ins. above the bottom. order reduce the readings from 
this piezometer the equivalent the piezometer placed 
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Experiments on the Flow of Water over Weirs 
made at Cornell University, May-June. 1899. 
Curve Showing Correction to be Added to Readings 
of Piezometer placed Eight Inches above Bottom of 
Channel of Approach at Experimental Weir to Reduce 
to Equivalent Readings on Klush Piezometer. 
From Experiments No. 17 and 18, June 6 and 7, 1899. 


ters. 


ime 


Cent 


4 Experiment No. 18, June 6, 1899. 
© Experiment No, 19, June 7, 1899. 


Difference Readings Flush and Upper Piezometers 


- 


Observed Heads Centimeters Upper Piezometer Standard Weir. 
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flush with the bottom the channel, correction curve has been 
deduced the following manner: Experiments Nos. and 
observations were taken, both from the flush piezometer and from one 
situated ins. above the bottom. Plotting the differences between 
the readings these two piezometers corresponding given heads 
the standard weir ordinates, and using the observed heads 
the standard abscissas, mean curve has been drawn, from which 
correction applied any case can read directly. This curve 
shown Fig. 

regard the use this correction curve, may pointed out 
that the error resulting from the use piezometer placed otherwise 
than flush with the bottom side the channel function the 
velocities the channel approach. Inasmuch the discharging 
capacities weirs different sections vary greatly under the same 
heads, the velocity approach any given head will depend both 


Head Feet. 


WS St 


o 

o 


upon the height the weir and the coefficient discharge for 
the particular head and section weir considered. Unfortunately, 
the data obtained were insufficient enable the effect these 
elements taken into consideration separately. Hence, the correc- 
tions obtained from the mean curve Fig. must considered 
approximate only. Some the deviation the experimental 
cients from the mean coefficient curves may undoubtedly attributed 
the uncertainty just the proper value this correction. 

Pages 272 289 show the coefficient curves finally fixed upon 
the foregoing discussion for the Cornell University Experiments Nos. 
19, inclusive, and also the tabulations the results. The 
cient curve for Experiments Nos. and the standard sharp- 
crested weir shown Fig. These curves are self-explanatory 
render extended description unnecessary. 
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the tabulations Column (1) shows the heads feet, read from 
the coefficient curves, Column (4) giving the discharge per lineal foot 
crest cubic feet per second. Columns (2) and (3) give the values 

The photographs Plate XXII show the lower end the lower 
channel, appeared the afternoon 1899, while experi- 
ments the Rexford Flats section were progress. 

not the writer’s intention review extensively the results 
the Cornell University Experiments this time, any farther than 
point out that they were, the fullest sense, practical experi- 
ments. 

Experiments Nos. and attempt was made gain some 
idea the effect arough surface dams. Experiment No. 
the weir was the usual form, with the crest constructed planed 
matched pine, already described, while Experiment No. the 
up-stream face the crest was covered with }-in. mesh, galvanized 
wire screen. comparison these two experiments very instruc- 
tive. The upper limiting head No. was 4.996 ft. and Experi- 
ment No. 5.011 ft. For ft. head, determined from the curves, 
have for Experiment No. discharge 40.98 cu. ft. per second 
per lineal foot crest, while for Experiment No. ft. head gives 
discharge 40.74 cu. ft. per second per lineal foot crest. 
Similar comparisons other heads show the effect the wire screen 
have been The result this experiment was such 
lead the conclusion that very little difference would experienced 
the flow over dam after the first few months, during which time 
the planking, under the smoothing effect the silt flowing water, 
etc., may expected come substantially the hydraulic condition 
planed boards. Accordingly, the time for completing the work 
was limited, further determinations were made this line. 

recognized, however, that but for the limitation time under 
which the experiments were carried out, would have been very desir- 
able have experimented somewhat farther number additional 
forms weirs, and itis hoped, view the vast practical 
importance accurate knowledge flow over dams, that the Cor- 
nell University authorities will carry these experiments considerably 


farther, keeping especially well within the limits actual practice 
dam construction. 
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may now consider the application the foregoing data 
some the dams several the gauging stations previously 
referred to. 

Seneca River Baldwinsville Station Seneca 
River, there substantial masonry dam, shown Fig. 
was built 1895, taking the place old crib dam located just 
above, shown the illustration. The crest 423 ft. long, and 
very nearly level. The catchment area Seneca River, Baldwins- 
ville, 103 sq. miles. 

For most the year flash boards, ft. height, are used 
portion the crest. The flow over these has been computed 


CROSS-SECTION DAM SENECA RIVER 


Francis’ formula. The situation somewhat complicated the 
presence the old dam. Taking into account the water cushion 
between the two crests, was considered that Bazin’s Series No. 115 
would fairly apply, and, accordingly, the discharge curve was com- 
puted this basis. The conditions here are unusual that special 
determination should made asa check the foregoing assumption. 
This was not done, during the Cornell University Experiments, for lack 
time. 

Oswego River Fulton.—The catchment area above this dam 
miles. There are extensive manufacturing establishments 
the ends. The dam substantial masonry construction with 
nearly vertical front, and with back slope The 
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erest slightly rounded. section making the nearest 
approach this Series No. 117, which was recognized being only 
approximation. Cornell University Experiment No. has fur- 
nished the data for working out new discharge curve applying more 
nearly the conditions this dam than the original. believed 
that the revised curve gives the true discharge within small percent- 
age. Atadepth ft. 
the crest, the dis- 
curve, 9.8% less than 
the original curve. 
Chittenango Creek 
Bridgeport. 
section this dam 
area above the 


point gauging 307 BRIDGEPORT. 


sq. miles, while the crest 
259.2 ft. the ends there are platforms over the bulk- 
heads, and about 2.5 ft. above the main crest. The flow over these 
platforms when the water rises their height, was originally com- 
puted Bazin’s Series No. 113, while Series No. 130 was applied 
the main crest, shown Fig. The revised discharge curve for this 
dam based upon Cornell University Experiments Nos. and 10. 
The computed discharge, per 
the revised curve, is—at depth 
than the original curve. 
The catchment area above this 


CROSS-SECTION DAM ONEIDA CREEK 
dam sq. miles. The crest KENWOOD. 


level, and 79.4 ft. length 
(see Fig. 10). The cross-section corresponds closely Bazin’s Series 
Nos. 130 135. The final discharge curve has been worked from 
Cornell University Experiment No. 

West Branch Fish Creek catchment area 
above this dam 187 sq. miles. The crest was originally quite irregu- 
lar longitudinally, but was brought nearly uniform level 
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spiking strips plank, which extended down the back up-stream 
face. The length 175.7 ft. (see Fig. Series No. 170 
conforms general form closely the cross-section, except that 
the projection the planking the back face over the front, forms 
air space which has disturbing effect low flows. For minutely 
accurate results, 


such profile, special 
determinations should 
made. Cornell Uni- 
versity Experiment No. 
has been used 
preparing the final dis- 


charge curve. CROSS-SECTION DAMON WEST BRANCH 
FISH CREEK McCONNELLSVILLE. 
East Branch Fish 


Creek near Point Rock.— 

The catchment area above this dam 104sq. miles. The crest 173.7 
ft. length, and several different heights, shown Fig. 12. 
Bazin’s Series No. 130 applies closely. The final discharge curve 
based upon Cornell University Experiment No. 


Mi 

XN 


El. 104, 53 


El. 103,97 


CROSS-SECTION AND PROFILE DAM EAST BRANCH 
FISH CREEK NEAR POINT ROCK. 
12. 

Mohawk River Ridge Mills.—The catchment area 153 sq. miles. 
The crest 122.7 ft. long, and three different elevations. 
shown Fig. 13, the experimental and actual sectional profiles agree 
closely. 


Bazin’s Series No. 162 such form that the discharge nearly 
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uniform all heads. The syphon action the sloping front face 
begins low heads and continues act with indefinitely increasing 
heads. There point where marked changes regimen occur, 
with depressed and adhering nappes. The coefficient Cornell 
University Experiment No. agrees closely with Bazin’s No. 162. 
discharge curve, based upon Bazin’s No. 162, varies ft. depth 
crest, only 1.5% from the discharge curve Cornell University 
Experiment No. Crests this general form are especially applicable 
wherever accurate records flow are required. For reasons given 
Bazin, the preceding abstracted matter, crests this general 
form, but with flat upper surface, should avoided. this point 
see page 268 preceding. 
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CROSS-SECTION DAM MOHAWK RIVER RIDGE MILLS, 
COMPARISON WITH SERIES No. 162. 


13. 
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Mohawk River Little catchment area this place 
306 sq. miles. The dam well-built masonry, curved plan, 
with crest 181.7 ft. length. There are two sections, with cross- 
sections corresponding Cornell University Experiments Nos. and 
17, except that the dam has batters the front face for the two sec- 
tions, 1:6 and respectively. there was full admis- 
sion air the experiments, this fact would not affect the results, 
although the projection the front face the dam, itself, due the 
batter may introduce disturbing elements the flows, which would 
modify somewhat the results Cornell University Experiments Nos. 
The vertical front was used the experiments order 
expedite the work. 

The discharge curve worked out originally for this dam, was based 
upon Bazin’s Series Nos. 117 and 135. new curve, derived from 
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Cornell University Experiments Nos. and 17, gives, for heads 
ft., less flow than the original. 

Mohawk River Rexford Flats.—The catchment area this placeis 
385 sq. miles. The dam substantial masonry construction with 
timber apron, shown Fig. The crest 675 ft. long. The 
filling the back the dam makes, effect, long flat crest the 


SY SS Sing 


DAM MOHAWK RIVER REXFORD FLATS. 
14. 


up-stream side. the original discharge curve, Bazin’s Series Nos. 
117 and 141, were applying best. This dam was experimented 
upon Cornell University, the new discharge curve resulting there- 
from agreeing very closely with the original curve. The variation 
the two curves ft. depth crest only about per cent. 
Oriskany Creek Oriskany.—The catchment area here 144 sq. 
miles. The 214 
ft. length, and 
three different elevations 
(see Fig. 15). For the 
original 


CROSS-SECTION DAM ORISKANY CREEK 


cients Series Nos. 117 and 141 were considered apply 
best. revised discharge curve, based upon Cornell University 
Experiment No. 14, has been worked out. Ata depth ft. the new 
curve increases the discharge 1.7 per cent. 

Oriskany Creek station little more than mile 
above the dam Oriskany, just described. The catchment area 
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141 sq. miles, sq. miles (2.2%) less. Fig. shows the cross- 
section comparison with Bazin’s Series No. 170, well the irreg- 
ularities the crest longitudinally. The remarks previously made 
flow, Bazin’s Series No. 162, apply No. 170 and other 
sections similar form. The disturbing effect the departure from 
the theoretical form unknown this case, the same for the dam 
Mohawk River Ridge Mills. 

The object establishing two stations Oriskany Creek was 
determine whether dams different forms, but with nearly the 


same catchment areas, the flows could gauged closely enough 


give fairly comparable figures. The following tabulation gives the 


SERIES No. 170 
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CROSS-SECTION AND LONGITUDINAL PROFILE DAM 
ORISKANY CREEK COLEMAN, 
COMPARISON WITH SERIES No. 170. 


16. 


flows Oriskany and Coleman, cubic feet per second, for the 
months from November, 1898, February, 1899, inclusive. During 
the frozen months this period, the ice was kept clear for several 
feet back from the crest each dam. The results show fair agree- 
ment, and indicate, that, even when one the cases 


Coleman, discharge through several water wheels, compara- 
ble results may still gained. 


Discharge Discharge 
Month. Oriskany. Coleman. 
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Saquoit Creek New York catchment area here sq. 
miles. The crest shown Fig. Series No. 175 
taken applying best the main section. For the flash boards 
the end sections, Francis’ formula has been used. 

West Canada Creek catchment area above this 
dam 519 sq. miles. The crest 330.5 ft. length, and leveled 
up, described for the dam McConnellsville (see Fig. 18). The 
original discharge curve was based upon Bazin’s Series No. 170. 
new curve based Cornell University Experiment No. (Rexford 
Flats section with rounded corner) gives less discharge ft. 
depth than the original. The writer considers that this section should 
specially determined, for accurate results, and the foregoing 
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CROSS-SECTION AND LONGITUDINAL PROFILE DAM 
SAQUOIT CREEK NEW YORK 
COMPARISON WITH BAZIN'S SERIES No. 175. 


Flu. 17. 


discrepancy cited merely show how useless is, accurate 
results are required, apply the nearest form hand. The whole 
study shows that, frequently, what appears first sight rela- 
tively unimportant produces very marked changes discharge. 
Cayadutta Creek near Johnstown.—The tributary catchment area 
sq. miles. The main section, Fig. 19, quite different from any 
the dams thus far considered. Series No. 130, was taken 
being nearer than any other, while Series No. 115 was applied the 
bulkheads the ends. Where high degree accuracy required 


for gaugings over nondescript section this sort, special experi- 
ments must made. 
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Schoharie Creek Fort catchment area above this 
dam 947 sq. miles. shown Fig. 20, has sectional profile 
similar those the dams Oriskany and West Canada Creeks. 
The original discharge curve was based upon Bazin’s Series Nos. 117 
and 141. re-computation, using Cornell University Experiment No. 
14, gives substantially the same curve. 

The foregoing account several applications the new views 
flow over dams has been made concise possible order not 
lengthen this paper unnecessarily. Matters interest relating 
the leakage dams and flumes, methods computing discharge 
through nondescript water wheels, and many other questions, are pur- 
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101.60 

Wall 


CROSS SECTIONS AND PROFILE DAM WEST CANADA CREEK 
MIDDLEVILLE. 


18. 


posely left untouched, order discuss more thoroughly the main 
question how compute the flow overdams. The Schoharie Creek 
dam may especially mentioned one with considerable leakage, and 
which used here for illustrative purposes only. 

passing, may remarked that one result the Cornell Uni- 
versity Experiments was show that the discharges, per Bazin’s 
Series Nos. 130 and 135, were much too high, especially the consid- 
erable heads occurring several these gauging stations. The 
reasons for this are found, apparently, the high discharges accom- 
panying the depressed and adherent nappes, which occur the low 
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heads Bazin experimented with. This, Bazin himself has pointed out, 
the matter abstracted from his last paper, previous page. The 
great difference, however, only fully realized when carry out 
comparable experiments the heads used Cornell University. 

The different methods experimentation may also taken into 
account. Bazin usually began with low head, gradually increasing 
the higher; whereas, Cornell University, all the experiments, 
the high heads were run first, and were gradually reduced. both 
cases, the established regimen flow, whatever may have been, was 
continued longer than would have occurred under the contrary condi- 
tion, the coefficients for the two states lapping one another.* The 


SERIES No.130 
0,33 


DAM CAYADUTTA CREEK NEAR JOHNSTOWN, ETC. 
19. 


conclusion under this head is, therefore, for rising stream the 
discharge near the critical point change, may appreciably 
different from the discharge for falling stream about the same 
point. 

way illustrating the method computation used, may 
discuss the computation for Schoharie Creek dam. Table No. 
shows how the data for the discharge curve for this dam have been 
arrived at, the coefficients used therein being derived from Cornell 
University Experiment begin with, zero the crest gauge 
elevation 90.68 ft. The crest itself divides into series sec- 


just the condition the nappes for Series Nos. 130 and 135, and sev- 
eral similar sections, see the tabulations Bazin’s Series, preceding pages. 
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tions, with elevations shown the longitudinal profile Fig. 20, 
and which are designated the table, the letters 
and 

The method procedure for the computation points for the 
discharge curve follows: The average elevation each section 
the crest gauge, the depth water flowing over each section, corre- 
sponding series readings the gauge, was deduced and 
tabulated, shown. Thus, for section have, Column (4), 
head section feet, and for the other sections. Column (4) 
also includes the discharge per lineal foot crest, for heads ranging 
from 0.2 ft. 8.0 ft., together with the total flow per section, 
for the same heads. These computations are made the basis 


ITIL 


PROFILE CREST. 
SECTION AND PROFILE SCHOHARIE CREEK DAM, 


20. 


end-contraction the ends the sections. The summation 
the foot the table represents the total flow over the dam, and 
ranges from cu. ft. per second, for head 0.2 ft. 182 
cu. ft. per second, for head 8.0 ft. The discharge curve 
constructed plotting the final footings, with the heads the 


crest feet ordinates, and discharges cubic feet per second, 
abscissas. 


The foregoing general method has been applied, with necessary 
variations fit each special case, all the gauging stations herein 
referred to. 

given herewith, the great range discharge, not only for different 
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Fort 


Discharge Coefficients are from Cornell University Experiment No. 14. 


(1) (2) (3) (4) (8) (9) (10) (11) (12) (13) (14) 
Head Section 0.67 2.67 4.67 5.67 6.67 7.67 
Head Section 0.06 0.46 0.86 1.86 2.86 8.86 4.86 5.86 6.86 7.86 
Discharge per foot crest. 0.06 2.40 15.70 24.65 45.90 70.85 
Head Section 0.78 1.78 3.78 4.78 5.78 6.78 7.78 
250 90.90 Discharge per foot 0.70! 2.15 15.10 23.90 57.05 69.80 
Head Section 0.51 0.91 1,91 2.91 8.91 4.91 5.91 6.91 7.91 
Head Section 0.24 0.64 1.04 2.04 4.04 5.04 6.04 7.04 8.04 
Discharge per foot crest. 1.77 3.28 17.2 26.40 36.60 60.30 
Head Section feet..... 0.66 1.66 2.66 4.66 5.66 6.66 7.66 
Total flow over dam, cubic feet per second............ 26.00 318.00 184.00 066.00 602.00 688.00 182.00 
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forms dams, but for varying heads, becomes apparent. These 
tables indicate that the making accurate gaugings over dams 
demands considerable skill the application the available informa- 
tion. For minutely accurate results, special experimentation is, 
many cases, indispensable. 

regards experiments dams, the Cornell University Hydraulic 
Laboratory can hardly improved upon, and the University authori- 
ties deserve the sincere thanks every hydraulician, for furnishing 
equipment thischaracter. hoped that data flow over 
dams may greatly extended there the next few years. 

concluding the paper, the writer may remark that the studies 
herein discussed were, reality, only side issue the entire inves- 
tigation the water-supply problems carried out for the United 
States Board Engineers Deep Waterways. For whatever defi- 
ciencies may appear, the writer hopes may pardoned, because 
the time limit set the Board, which was, the completion every- 
thing within one year. This condition compelled strictly business- 
like administration and the omission much purely scientific detail 
which, with more time available, would have been very pleasant 
pursue somewhat farther. was necessary, indeed, under the 
requirements the Board, first all business man—driving 
the matter hand along rapidly conclusion—and only 
indulging pure scientific work far this did not conflict with 
definite progress from day day. 

regards the Cornell University authorities, the conditions are 
different, and they will without doubt ultimately supply the engineer- 
ing profession with far more extended knowledge the flow water 
over dams, especially high heads, than now possessed. 

The total cost this set experiments, including materials, 
common labor, carpenters, engineering assistants, draughtsmen, sten- 
ographer and time writer did not exceed This figure does 
not include either Professor Williams’ time cost gauges, which 
were paid for the University part the permanent 
but includes all payments account these experiments the 
United States Board Engineers Deep Waterways. 

The writer’s thanks are due Professor Fuertes, Director 
Cornell University College Civil Engineering, for many courtesies 
received during the progress the study. 
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This subject has received the attention many investigators, and, 
consequence, numerous formulas have been laid before the engineer- 
ing profession, with the object providing means predicting 
estimating the probable strength columns affected their pro- 
portions. Nevertheless, appears the writer that apology 
needed for fresh attempt this direction. 

developing theory column resistance and its resulting for- 
mulas some the more important points requiring kept view 
are the following: 


The theory should based correct principles and the 
formulas should correct form, without introducing 
refinements which have but little practical value influ- 
ence the results. 

The theory and formulas should have wide range appli- 
cation, cover the conditions met engineering practice, 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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and should not limited the case columns under 
presumably central loads. 

The reasoning and the formulas should sufficiently simple 
understood other than expert mathematicians, 
and should suitable for use every-day engineering 
practice. 

The theory must show agreement with, and reasonable 
explanation of, the results practical experiment. 

The should practice applicable generally 
different materials, simply introducing the values the 
ordinary physical constants strength and stiffness. 

Empirical factors should reduced minimum. 


The simple theory and formulas which are set forth this paper 
show fair compliance with the foregoing requirements, and 
hoped that they may assist the practical engineer better under- 
standing the important subject column 

The underlying principles upon which the reasoning based are, 
(1) that perfectly centered column perfect material and straight- 
ness conception seldom never realized practice, and (2) 
that the various disturbing influences preventing the realization are 
practically all capable, regards their ultimate effect, being 
represented equivalent eccentricity loading. 

Any theory based these principles ought identical its 
results with the theory the ideal, perfectly centered column 
perfect material and straightness, when the factor representing eccen- 
tricity reduced zero. 

The assumption the principle equivalent eccentricity receives 
practical justification the records the experiments James 
Christie, Am. Soc. E.; the late Charles Marshall, Am. 
Soc. E.; Considére, and Professor Bauschinger, each whom 
found that the physical axis resistance column did not neces- 
sarily coincide with the geometrical axis, and fact very frequently 
did not. Each these experimenters made tests which prac- 
tically felt for the physical axis order obtain higher strength 
for the column under trial, and found that was quite possible for 

column show higher strength when apparently loaded 
compared with the strength when apparently loaded exactly over 
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the geometrical axis. Mr. Christie’s and Mr. Marshall’s principal 
tests were both, however, centered over the geometrical axis, and their 
attempts feel for the physical axis were supplementary. 

After the development the theory and its resulting formulas, the 
first difficulty its application the case columns under appar- 
ently central loading the value assigned the equivalent 
eccentricity, and careful study the records nearly all the more 
important tests columns was therefore undertaken, with the view 
arriving some idea what that value should be. 

became once apparent, from comparison the tests 
different experimenters, that isolated tests set tests covering 
only small range proportions, measured the ratio length 
radius gyration, having only scanty number tests each 


ratio could themselves afford reliable basis for use practical 


work, and the writer has hesitation saying that any general 
conclusions formulas derived from such conditions are absolutely 
misleading. 

also became most clearly evident that any conclusions deduced 
from experiments must make full allowance for the possible prob- 
able history the material the column during its manufacture 
and during its preparation for the testing machine. 

Many the causes the divergence practical experiments from 
the theoretic ideals have been incidentally alluded able papers 
and discussions the subject column resistance, but, very 
frequently, too much emphasis has been laid upon the variable nature 
the material—excepting perhaps the case timber—and, the 
other hand, too little has been credited the probable history the 
material, and the influence apparently insignificant initial curva- 
ture the specimens, small errorsin setting the testing machine. 

The divergence alluded may, with every probability truth, 
partly credited, the case wrought iron and steel, the effects 
the inevitable cold-straightening which every bar, plate, shape, 
turned out the rolling mill, must subjected before being fit for 
use ordinary construction, and still before being 
put into testing machine properly prepared specimen. 

cannot too clearly realized that the material used every-day 
construction anything but ideal condition regards freedom 
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from internal stresses, and regards uniformity elastic resistance 
its detailed sections. 

This quite different thing from assuming that material 
similar history and the same class varies very widely its compres- 
sive strength, the value the modulus elasticity. 

Striking instances the influence history have been given 
Sir Benjamin Baker, Hon. Am. E., the case experi- 
ments which carried out solid, mild-steel columns, diameters 
length, showing that the resistance varied according previous 
treatment, 


Tons per 
square 
Previously stretched, per 12.6 


There are also number references the influence history 
Mr. James Christie’s} papers the strength iron and steel. 

The effect cold-straightening is, course, locally strain the 
material beyond the limit elasticity, and, without this overstrain, 
the bar plate could not straightened. The result that 
certain points the modulus elasticity, or, other words, the stiff- 
ness the fibers overstrained tension, lowered very greatly 
regards resistance compressive stress, and the fibers overstrained 
compression are affected similarly regards their resistance tensile 
stress. addition, permanent internal stresses, both tensile and 
compressive, are set the material, and these are neither imagi- 
nary nor insignificant. 

direct consequence this interference with natural conditions 
that the axis, the axis passing through the center 
resistance every section the column, will not coincident with 
the geometrical axis, and forming mental conception the 
physical axis under these artificial conditions, are driven the con- 
clusion that practical work can rarely, ever, straight line. 

these deductions extended the case short test-specimens 
under compression, how expected that accurate determina- 


Minutes Proceedings, Institution Civil Engineers, Vol. xcii, 44. 
Transactions, Am. Soc. E., Vol. xiii. 
Minutes Proceedings, Institution Civil Engineers, Vol. xcii, 44. 
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tions the natural elastic compressive strength can derived from 
specimens cut from portion the material which may previously 
have been subjected cold-straightening. Other ‘portions the 
same piece may not have beenin the straightening press, and would 
then reasonable expect them show higher value elastic 
strength. 

the case built columns, the effect the process machine- 
riveting another outside influence the condition the material 
which requires recognition. Every practical constructor knows that 
riveting member hydraulic machine-riveters, the various 
parts have tendency stretch out and creep past each other, some- 
times very different degrees, resulting the members twisting 
bending out straight line, and clearer evidence can adduced 
prove the existence somewhat heavy internal stresses the 
finished work. 

symmetrical sections the effect the riveting down one side 
will apparently neutralized the subsequent riveting the 
other; but anassemblage plates and angle bars, other sections, 
already remarked, the plates and bars often stretch creep 
different degrees, that, although the resulting member may 
quite straight and free from twist, this will proof the non- 
existence severe artificial internal stresses. 

Among the instances this which have occurred the writer’s 
experience, one, connection with bridge over the River Tyne, 
England, may mentioned. 

order guard against this creeping tendency, the writer 
specified that the large columns the river piers should have their 
butt-joint ends machined over the full section, 
after having been riveted lengths the con- 
tractors’ yard, ensure that the butts should bear 
each other for the full sectional area the 
members. 


ANGLES 6 X 4x Yq 


These columns are cruciform section, 
shown Fig. and the total length each con- 
sists three lengths about some oversight, however, 
the case some the columns, the specified requirement was not 
carried out the contractors’ yard, and instead, the ends each 
individual bar and plate were machined very good fit before rivet- 
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ing was commenced. Tacking rivets were then put hold the 
various parts their correct relative positions, and the riveting was 
proceeded with throughout the length ft., and its completion 
was found that the angle bars and plates had crept past each other 
varying degrees, that the previous careful fitting was avail, 
and the joint had re-dressed hand. The web-plate ends were 
also found hollow the extent in. the half-width 
column between the angle bars, and this undoubtedly points the 
fact that internal stresses must exist the column made. 

The columns appeared quite straight and whole, 
and the material the plates and angles was all made and tested 
under the same specified requirements tensile strength, tons 
240 lbs.) per square inch, with ultimate elongation least 20% 
The materialis open-hearth acid-process steel, throughout. 

the case cast-iron columns, course, cold-straightening 
hardly necessary point out the probably similar influences due 
the hidden defects and internal stresses known exist more less 
all castings. 

The other influences which the writer has referred, e., the 
presence initial curvature small errors setting specimens 
the testing machine, have means insignificant value the 
results obtained experiments centrally loaded columns. 

Mr. James Christie*, his paper entitled Experiments the 
Strength Wrought-Iron Struts,” remarked that his specimens were 
practically straight, but careful measurements revealed the existence 
‘of small amounts initial curvature. These measurements are 
recorded his tables results, and the calculations defiection 
hereafter given will show that they had appreciable influence 
the strength the specimens. Mr. Charles Marshall’s tests also 

give valuable evidence the same direction. 

The importance apparently very small errors setting the 
columns the testing machine also received most definite practical 
demonstration the tests Mr. Christie and Mr. Marshall, and also 
those Professor Bauschinger, since moving the specimens very 


small distances from their original positions had great influence 
the results. 


Transactions, Am. Soc. E., Vol. xiii. 
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view these prejudicial influences, can matter for 
surprise that such wide differences exist between results obtained 
under apparently identical conditions, the same experimenter, 
the same material and with columns precisely the same proportions. 
surprising, however, that attempts are made constantly express 
the average results such wide differences single-line formula. 

What would thought engineer who used wrought iron and 
mild steel indiscriminately, bridge other structure, after strik- 
ing average between the tensile the two materials 
basis upon which determine the sections the tension 
This would more erroneous and misleading than the present 
practice using the average strength columns any particular 
class material and any one value such proportions are usual 
practice. Itissurely more rational and scientific procedure 
ascertain within what limits may reasonably expect the strength 
columns lie, and then base our estimate probable strength 
the lower limit derived. 

reference here intended made what would deemed 
defective columns, any respect, but only columns which are 
every practical sense believed above suspicion. The enuncia- 
tion the principle that the strength columns any given material 
cannot represented any single-line formula, but must ex- 
pressed area within which the results experiments may 
expected lie, was, the writer believes, first made Professor 
Ciaxton Fidler, Inst. E.,* ascribing the variations column 
strength variations the modulus elasticity. 

the results the tests various experiments upon the 
diagrams accompanying this paper, the writer has endeavored show 
every test wherever possible, provided defects special circum- 
stances were involved. 

the case Professor Tetmajer’s tests, the records 
able number the results, given his tables, were the averages 
two specimens, that those diagrams which Tetmajer’s tests are 
plotted not show the full range the tests, and the differences 
between maximum and minimum results would actually somewhat 
more than shown. all other cases, however, believed that 
every result plotted the diagrams refers single experiment. 


the Practical Strength Columns, and Braced Minutes Pro- 
ceedings, Institution Civil Engineers, Vol. (1886). 
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far the writer aware, Hodgkinson’s tests columns Low 
Moor, No. cast iron and wrought iron, with both ends rounded 
both ends are shown here complete and their full number 
(within the limits length the diagrams) for the first time. 

Hodgkinson’s other experiments cast-iron columns are also 
shown diagram which further reference will made, but 
these tests were specimens various kinds cast iron, and 
themselves could form reliable guide, although, together with 
Hodgkinson’s experiments Low Moor, No. cast iron, they have 
formed practically the only basis for the design cast-iron columns 
for the last fifty years; and extensive tables the strength cast- 
iron columns, based them, and from Gordon’s 
formulas, are found nearly every pocket-book pub- 
lished for the use engineers. 

The diagrams have all been plotted such proportions show 
clearly the differences between the various tests and also their relation 
the curves derived from the writer’s formulas. would 
been easy have shown apparently better agreement 
adopting other proportions for the diagrams. 

The writer proposes deal with the theory and resulting formulas 
the first place, and afterward compare them with the results 
nearly all the more important series tests hitherto made upon 
columns cast iron, wrought iron, steel and timber. 


THEORETICAL PRINCIPLES. 


Any column with the smallest eccentricity loading the 
smallest amount initial curvature will immediately begin deflect 
under load, and the deflection will increase much more rapid 
degree than the increase load, and every increase deflection tends 
still further increase defiection. this last fact which makes 
column moderate length exceedingly sensitive deviations 
loading small initial bends. 


order arrive expression for the strength any column, 
therefore necessary develop first formula express the 
tion that column under given conditions. The deflection 
column caused solely the bending moments imposed it, and 
the laws are therefore the same for beam under 
transverse stress. 
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The probable deflection solid beam subjected bending 
moments can determined very simply, with all necessary practical 
accuracy, the relations existing between the stress diagram and the 
resulting are made use of.* 

These relations apply with equal correctness the case 


uniform section, and let Rbethe 
bending moments—either regular irregu- 


the cross-section the cantilever, and 
modulus elasticity the material used. 

Take sections distances and the point the 
extreme outer end the cantilever, and required find 
the deflection the point below the point the center 
the stress existing between the two sections, which are 
further supposed exceedingly close together, that very 
small compared This being so, the bending moment the canti- 
lever between the two sections may, without appreciable error, 
assumed uniform for the length 

Then, the bending moment the sections considered, and 
the distances the extreme fibers from the neutral axis the 
sections, the resulting stress the fibers will 

the common formula for the stress solid beam. 

The resulting extension—or compres- 
these extreme fibers will 
will deflected below the point 
shown Fig. dotted lines, and 


ceedingly small quantity since the angle subtended 


very small; and therefore 
Theory Solid and Braced Elastic Cain, Soc. E., 1879; 


879 
and Continuous-Girder Bridges,” Fidler, Minutes Proceedings, Institution 
Civil Engineers, Vol. 1883. 
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have here dealt only with the resulting from the 
bending moment and stress existing between the two sections, dis- 
tances and from the point but the same relation holds for 
all other sections, and the total deflection caused the bending 
moments along the whole length the cantilever will 


the sum the values between the points and 


The numerator this quantity simply the moment the area 
the diagram bending moments around the extreme point and 
the equation may put into the form 

where area diagram bending moments, 
distance center gravity this area from the point 


always practically very small, compared the length the beam, 
and the above reasoning not intended applied 
absurd and improbable extremes. The relations 
deduced would not, course, apply girder with 
deep braced web under heavy shearing stresses, but 
solid beam section the deflection due shearing 
stress very small compared that due transverse 
bending; and, the case columns, whether solid 
with braced webs, the shearing stresses are again much 
less than are usual beams. 

isa simple matter apply the foregoing rela- 
tions the case column under eccentric load, 
and with round perfectly free pivoted ends. Let 
(Fig. represent the axis column length 
the axis its ends, with resulting deflection the center the 
column’s length. 


The column exaggerated the figure, for the sake 
clearness, and the length marked thereon appears considerably 
shorter than the true length the curved axis the bent column, 
but the difference actual column under test would very small, 
and would not affect the reasoning any appreciable extent. 

The diagram bending moments will then shown the 
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included between the curve the bent column and the line 
action the enu forces and, treating each half the column 
cantilever, the deflection from the tangent the bent column its 
bending moments produced the eccentric load with the resulting de- 
flection and the internal moment resistance the column sections. 


center will when equilibrium established between the 


order solve this equation for any given case, necessary, 
theoretically, know the exact character the curve the bent 
the deflection from the chord line that point, but are mainly 
concerned with the deflection and bending moment the point where 
these are maxima, the center the column length, and the 
central deflection the very quantity that sought. 

Practically, however, small importance know the precise 
nature the curve, and considerable divergence from theoretic 


accuracy our knowledge its true character makes but 


difference the final result, may proved easily assuming 
various outlines for the curve. 

the bending moment were perfectly uniform for the full length 
the column, the curve taken the latter would part circle, and 
the eccentricity loading were indefinitely small, the curve would 
curve sines. The actual curve somewhere between these, 
and depends the amount eccentricity, and, the deflection 
columns actual test practice very small comparison with the 
column length, sufficiently accurate for all practical purposes 
assume the curve parabola, which will, under actual conditions, 
differ exceedingly small degree from the curves both the 
extreme conditions mentioned. 

Under any circumstances, the area the diagram bending moments 
for the half length column, loaded shown Fig. will 


when coefficient expressing the mean deflection terms the 
maximum the center the column length, and the 
moment this area around the extreme end the column will 
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where coefficient terms expressing the distance from 


the center gravity the portion the moment diagram included 
between the chord and the curve the bent column, e., that portion 
the moment diagram due column 


Then 


and 


and therefore 


Now, making use the assumption that the curve the bent 
column parabola, the corresponding values and will 


and substituting these values General Equation (1), have 
practical result for the deflection columns under eccentric load 


inspection these formulas once shows that any column, 
whatever material, with both ends round, and with the eccentricity 
loading reduced exceedingly small degree, fact, small 
amount can form any conception of, long has positive 
value, would tend have infinite deflection, and therefore fail 
absolutely, soon the denominator the right-hand member 
the equation becomes zero. 

Then, using Equation (1), would have infinite value when 

and the ultimate load would therefore 

Under the assumed ideal condition perfect central loading, the 
curve the column when bent being curve sines, the values 
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and would each and substituting these the equation, 


have the ultimate load the ideal column with both ends round 


Euler’s formula. 

Equation (2), based the curve the column being assumed 
parabola, were used this way estimate the ultimate load, 
instead General Equation (1), with the correct values and the 
result would 


that applying the assumption the curve the column 
being parabola, even the ideal extreme, would make error 
the safe side only below the theoretic 
the estimate ultimate load, and small amount 
eccentricity, such may reasonably expect 
presumably centrally loaded columns actual prac- 
tice, would reduce this already small error still 
smaller and practically inappreciable dimensions. 

clear, therefore, from the foregoing, that the 
formulas for deflection, whether the general form 
(1), the suggested practical form 
theoretic principles, and are correct form. 

have dealt hitherto with the case column 
supposed absolutely straight before loading, and 
remains seen what influence small amount 
initial curvature would have the 

Let Figs. and represent the versine 
initial curvature, whether outwardly visible not, 
the axis eccentrically loaded column. may 
have positive value, Fig. negative value, Fig. 
relatively the eccentricity with which the load 
imposed. 


eh 


Let and functions with regard the area 
enclosed between the initial curve the column and 
its chord line, similar character and already adopted with 
regard the curve the column resulting from stress, let and 
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whatever the precise character the initial curve and the 
curve, using the same reasoning before, have 
8HI 
central due stress, 


and therefore 


should happen have the minus sign, and the same time greater 
value than but this would simply mean that the deflection would 
take place the opposite direction that which alone would 
cause bend. must kept view that are dealing with 
small amounts initial curvature, shown exaggeration Figs. 
and for the sake clearness. 

the case Fig. where the initial curvature positive with 
regard the eccentricity, e., acts with the eccentricity increase 
the the diagram bending moments increases with the load 
imposed from the area bounded the straight line joining the end 
forces and the initial curve the column the area bounded 
the line joining and the curve the deflected column. 

The bending moment the center the column length primarily 
4). the case Fig. the conditions are altered the initial 
curvature acting against the eccentricity, and the primary bending 
moment the center the column length will v), increas- 
must necessity take the sign the more influential these 
quantities. 

Now comparing Formula (3) with Formula (1), will seen that 
initial curvature has influence similar equivalent value 
term represented those columns for which cannot 
determine precisely the correct value and such the presumably 
centrally loaded column ordinary material. 

Substituting the symbol for Formula (2), then have 
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for the deflection practical columns apparently straight, and 
apparently centrally loaded. 

must once recognized that practically impossible 
assign any value for beforehand, for reasons 
already given. 

The foregoing reasoning will explain how may easily happen that 
two columns identical dimensions and identical material, far 
are able determine, might give very different results the test- 
ing machine, one having the internal acting with the accidental 
and the other having its internal acting contrary its accidental 
since the value might very appreciable the first case, and 
would zero, and the column would probably show high ultimate 
strength. 

are now position deduce formula express the maxi- 
mum stress column under eccentric load, and extend the 
case the practical column under presumably central load. 

Referring Fig. the bending the center the column 
length 


and therefore 


where the radius gyration the column section the direction 
which the column bends, and represents the unit stress caused 
the bending moment alone distance from the neutral axis, and 
the sectional area the column. 

The direct compression the column section the same time 
average load per square inch the sectional area the 
column, and the total stress the extreme fibers will therefore 


and now, substituting the value from Equation (2), 


ar? 
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From Equation (5) probable that expression may deduced 
give the average load per square inch corresponding given 
maximum minimum stress with varying values the other 
factors, but the writer has found much simpler and easier deal 


with the value the ratio corresponding given value 

maximum minimum stress average stress, modulus elasti- 

city and given value 


Efforts have been made, connection with most column formulas, 


determine the value for given value but the writer 


has never found, his own practice, any advantage this, and 


equally convenient able determine the value corresponding 


Either way is, matter practice, equally 
suitable for the purpose laying down curve express the strength 
varying proportions columns. 


From Equation (5), the general expression for the maximum stress 
produced column, have 


and, dividing the factor 


and using the symbol represent have 


and now using the sign the brackets determine the maximum 


fiber stress 
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from which have, simple algebraic transformation, the value 
corresponding any fixed value the maximum compressive 
stress 


Similarly, using the sign the brackets Equation (6) 
determine the minimum fiber stress (not necessarily tensile) 


which easily transformed 


should noted here that only becomes tensile when the 
maximum tensile fiber stress caused bending greater than the 
direct compressive stress and should also noted that must 
given its proper sign correspond with its character, e., when 
and when tensile, irrespective the fixed signs shown 
Equation (8). 

The precise use these equations (7) and (8) follows: 

Let assumed that given section column, decide 
that certain value maximum compressive stress certain 
value minimum stress not exceeded; these values being 
inserted Formulas (7) and (8), together with the value and 


corresponding the material used and the section column and 


eccentricity loading actually adopted, have once the value 
Reorresponding different values the direct load per square inch. 

Both these formulas reduce exceedingly simple terms the 
insertion the physical constants and the proper value 


Formulas (4), (5), (6), (7) and (8) are all general expressions appli- 
cable the case columns with both ends free, and any given 
material and form section, and with any given value eccentricity 
loading probable practical work. 

Professor William Cain* came the conclusion that, with ideal 
perfectly centrally loaded, the value given Euler’s 


the Ideal Column,” Transactions, Soc. E., Vol. xxxix. 
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formula, small increase this load insures failure the column. 
very similar conclusion can drawn applying Formula (4) 
assume 0.001 in., corresponding accuracy loading far 
beyond practical possibilities. 


Working this out for the various values have the results 
shown Table No. 


No. 
| 
000 0.002 0.1085 975 1.5348 
000 0.0043 700 0.1268 1.9188 
000 0.0084 750 0.1524 31985 2.5588 
29000 0.0116 800 0.1908 3.8388 
30000 850 0.2548 31992 4.7988 
500 0.0244 31900 0.3828 31994 6.3988 
000 0.0372 950 0.7668 31996 9.599 
500 0.0756 960 0.9588 32000 


These results are instructive, and hardly needs 
maximum fiber stress show how great the effect the small 
additions near the ultimate load 000 

The value ar’, and nearly corresponds 
rectangular solid section 3.307 ins. square, with area nearly 10.94 
sq. ins., and least radius gyration 0.955 in. nearly, that the 


300 
ratio 314. 
The maximum compressive fiber stress 
ar? 10.94 sq. ins. 


from which have, when 


per square inch 


4 

200 

000 
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most interesting feature these figures for maximum fiber stress 
the theoretic assurance which they give the capacity long 
columns resist fatigue, even when loaded nearly the crippling 
point; and the material the column dealt with the example 
assumed have compressive elastic limit of, say, 000 lbs. per square 
inch, will seen that the column would quite uninjured 
infinite number loadings within its ultimate supporting 
power. This, course, would only hold good the load were imposed 
without the slightest dynamic effect, impact. 

This completes the investigation what may termed 
elementary column,” which, columns with fixed ends, flat ends and 
pin ends, may considered merely modifications. 


will noticed that the formulas each case include term 


dependent the form column section, and the writer one time 
hoped find practical verification the form section 
the published results experiments, but the influence other 
factors too great and the number tests any one form section 
too small enable this done yet. 

Again, the number experiments carried out with value 
eccentricity great make paramount factor very 
small, and the great mass tests hitherto made, the endeavor has 
been impose the load must, therefore, substitute 
(see page 333) for the formulas when applying 
them experiments under presumably central loads. 
Under these circumstances, appears justifiable, 


our present state knowledge, consider the factor 
constant, which the value for centrally 


loaded columns must determined from available 
experimental records. 

Attention will given, next, the fixed-ended 
column shown Fig. the section being assumed 
uniform, before. When under load the 
column bend double reverse curve similar that 
shown the figure, and the central portion the column will 
behave similarly to, and subject to, the same laws free-ended 
column. The question solved, the first place, the 
proportion the total length fixed-ended column, which will act 
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one-half, without any reasons being stated. 

determining this convenient consider one-half the 
column only (since the other will necessarily behave precisely 
similar manner) shown Fig. larger 
scale. 

Referring again Fig. and its descriptive 
context was shown that 


angle slope set the end the length 
the stresses the portion the canti- 
lever considered; and this angle slope 
practice exceedingly small, its tangent will 
practically represent the angle circular measure with all necessary 
accuracy, and the sum all the exceedingly small angles slope, 
for the the cantilever, will then 
the angle slope the extreme end the cantilever propor- 
tional the area the curve bending moments. 

before, this reasoning and its results apply equally well the 
bent column. 

Fig. the tangent the curve the bent column the 
point contrary flexure His common both portions the curve, 
and the slope each portion is, therefore, the same this point, 
since the tangents and remain vertical and parallel each 
other, consequence the fixity the end the symmetry 
the whole column around the point The area the bending 
moment diagram must, therefore, equal the area the 
bending moment diagram Further, the column section 
assumed uniform, and there bending moment the point 
where the two portions and Vreact upon each other 
simple compression and shear, the curvature the two portions 
corresponding points either side must evidently identical, 
inasmuch both are the same section, subject the same forces 
and subject the same laws flexure. 
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From these conditions equal curvature and equal area bending 
moment diagram, results that the length must equal the 
length and each them will, therefore, one-fourth the 
total length the column. Also the portion the total deflec- 
tion must equal the portion and the bending moment the fixed 
ends will equal the bending moment the center 

free-ended column, one-half the total length the fixed-ended 


column, or, other words, fixed-ended column carrying given 
load twice the length free-ended column the same section and 
having similar stresses. 

This result based assumptions perfect straightness before 
bending, perfectly homogeneous material, and perfect fixity ends. 
practical work some divergence will undoubtedly which will 
require allowed for assumed equivalent eccentricity load- 
ing, the case the simple free-ended column already dealt with, 
and therefore have, for the fixed-ended column: 


actual practice the true fixed-ended column rarely, ever, exists. 
difficult, even experiments testing machine, comply with 


the conditions necessary ensure 


absolute fixity ends, and ordinary 


construction the difficulty increased 
greatly. 

The writer has found that the 
vaguest ideas are sometimes held 


what required realize fixed ends 
examples will probably exhibit this matter clearer light. 

Assume, the first instance, that have, Fig. series 
stiff gantry girders, ft. deep ft. span, riveted securely the 
heads columns ft. high, firmly braced together preserve their 


| | | 
| i| | 
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verticality. Assume, also, that the foundation blocks which the 
column rests are very rigid, that the columns have large well-bolted 


bases, and that the ratio these columns very large, and the 


columns therefore slender proportion. 

Then the imposition load any span will cause deflection 
the girder, and the ends the girder will deviate from the 
vertical slight degree, but the relative stiffness the girders 
themselves, compared with the column, being high, the approxima- 
tion ideal fixity ends would, practically speaking, high 
degree. 

the second instance, Fig. 10, let the columns spaced ft. 
centers, retaining the same depth 
ing the girder sections obtain 
the same value working unit 
stress, while increasing the radius 
gyration the columns 
provide much greater stiffness 
column. conditions, 
the deflection the girder under 


10. 


load, and consequently the slope the ends the girders where they 
are securely riveted the column heads, would increased largely, 
and the columns would subjected heavy bending stresses 
addition their direct load. These columns would much less 
heavily stressed they had pin-joint connections the girders, 
and the apparent fixity end, given secure riveted connection, 
would actually accompanied severely prejudicial secondary 
stresses. 

The conclusion derived from these examples that practical 
work the degree approximation fixity ends depends entirely 
the relative stiffness the column and the other members 
the structure attached it; and the estimation this degree 
fixity demands the most careful consideration the part the 
engineer. 

One the advantages claimed for riveted connections 
bridge work that the compression members are thereby made 


into fixed-ended columns, and can accorded higher stresses 
consequence. 
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portion riveted main girder N-type shown Fig. 11, 
with connections web members for two panel points, and the 
writer would ask whether the top boom fixes 
the ends the vertical posts, dothe posts 
fix the ends the panel lengths the top 
boom (which column between panel 
points), are rely upon the stiffness 
the diagonal tension members fix both? 


11. 


The last can hardly considered reasonable assumption, the 
most heavily loaded portions the top boom are the center the 
span, where also the lightest diagonals are found, and regards the 
posts fixing the ends the panel lengths the top boom, this also 
out the question, the stiffness the posts usually small 
compared with the stiffness the boom, and consider the top 
boom fixing the ends the vertical posts, under which class 
columns are place the top boom panel lengths? They could not 
considered fixed-ended, and they would have perform 
the additional duty fixing the vertical post ends, they could not 
ended column. Here, again, give consideration relative 
stiffness parts. 

common knowledge that heavy secondary stresses exist the 
connections various members riveted structure, but not 
commonly recognized that these very secondary stresses may totally 
destroy any imaginary fixity ends the compression members, and 
actually place the members under worse conditions stress than 
pivoted end-bearings were adopted. 

The writer neither seeking depreciate the practical value the 
riveted connections nor advocate either pin pivoted end connec- 
tions, but only wishes point out the erroneous principles which 
designs are frequently based. 


far the writer aware, attempt has hitherto been made 
arrive rational basis for the strength flat-ended columns, 
although the greater number tests columns have been made with 
this class end-bearing. rule, the assumption has been made 
that they precisely the same manner fixed-ended columns, 
and column formulas cover both one expression are frequently 
given. Thisis quite erroneous, both from theoretical point view, 


q 
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and from the evidence With flat ends, tensile 
stress can developed the ends, and with fixed ends has been 


shown that the bending moment each end theoretically equal 
that the center the column. 


with flat ends, will behave fixed-ended column, that is, 
the point loading which the stress the 
column its ends and center shown Fig. 12, 
small increase load the column will most 
stress zero, and will thus determine the value 
corresponding incipient tensile stress, and the 
formula with inserted zero value, will give 
what may called the critical value, 


probably cause failure. 


If, then, use the formula for minimum stress 
and make equal zero, obtain the value 
which given value will produce minimum 


ce 


ent flat-ended ... (9) 


Here, again, necessary determine from experimental results 


what value must given the factor the formula 


used determine ultimate strength. 

may urged that the load producing incipient tension any 
given flat-ended column may not the ultimate load; but, soon 
tension attempted set the ends flat-ended column, 
the column will highly unstable condition, and the ends will 
begin rotate their bearing faces. This most readily seen 
the case fixed-ended column which tensile stresses 
have been set the ends and center. 


| 
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the fibers tension the ends were cut transform the 
column into flat-ended column while under load, would naturally 
expect the column alter its curvature immediately, and largely 
its deflection, with the result that would probably fail 
immediately, with comparatively small additional load. The 
substantial truth this, practice, most clearly evident Mr. 
Christie’s experiments, will appear later. 

plotting the curves for the two conditions, one for failure maxi- 
mum compressive stress, and the other for the critical condition in- 
cipient tension, made evident that with any given section column, 
certain value dependent the eccentricity loading and 
modulus elasticity, tension can set the column, whatever 
the load, and flat-ended columns below this limiting proportion behave 
every sense fixed-ended columns, while beyond this point the 
strength will fail more less rapidly. 

The writer believes that the value the difference the strength 
fixed and flat-ended columns here dealt with rational manner 
for the first time. 

With regard pin-ended columns, quite useless theorize 
with the view showing their superiority round pivot ends, 
owing the fact that their behavior under load, even testing 
machine, depends very largely the closeness the fit between pin 
and hole, upon the smoothness otherwise the bearing surfaces, 
upon the diameter the pin relation the radius gyration, and 
upon the presence, either accidental premeditated, lubricating 
medium. 

actual practice, the vibration railway bridge, caused the 
passage the load, and the movements the members relatively 
each other under the common variations stress, must undoubtedly 
very far destroy the friction upon which depends the superiority 


with which this type strut often credited over those with round 
ends. 


There yet satisfactory and conclusive evidence that prac- 
tical work the pin-ended column can fairly credited with this greater 
strength, and the practice imposing higher stresses account the 
pin ends open grave question. 

This matter may viewed from another standpoint, that the 
advantages claimed for the pin joint compared with the riveted con- 
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nection. Among these so-called advantages are freedom from secondary 
stresses and greater certainty realizing the ideal condition central- 
ity loading the various members. 

Any additional strength accompanying the pin-bearing type 
column can only obtained when frictional resistances are set 
the bearing, preventing rotation, and thus bringing into play moment 
resistance bending the column end, and this moment 
turn can only developed subjecting the other 
members assembled the same pin secondary bending stresses 
order realize partial fixity column ends. 

any case, the additional resistance due partial fixity ends 
the column, actually exists practical 
must obtained the expense the other members the same pin, 
and largely dependent the stiffness those members. The question 
may fairly raised whether not would consistent practice 
make allowance for the secondary stresses these other members, 


rely these secondary stresses provide the column with 
increased resistance. 


CoMPARISON THE WITH THE EXPERIMENTS. 
Deflection Formula (4) for Round-Ended Pivot-Ended Columns. 

The starting point for the whole the foregoing theory and for- 
mulas was the development this expression for the deflection 
column, and has already been pointed out that, practical work, 
some the controlling influences cannot made subject actual 
observation, depending they internal conditions arising from 
past history, accidental errors setting, etc., 

Nevertheless, important have some definite knowledge 
whether the deflection formula bears characteristic features having 


practical agreement with the results actual observations experi- 
ments. 


order make comparison was necessary make numerous 
trial calculations with different estimates the values those factors 
which are primarily unknown, and the process comparison there- 
fore consisted fitting the calculated values given the formula 
the observed deflections, that might seen whether curves 


‘ 

5 

q 

= 


346 MONCRIEFF PRACTICAL COLUMN. [Papers. 


plotted with loads abscissas and deflections ordinates have the 
same character calculation and observation. 

The unknown factors for which the values have had estimated 
are the following: 

The modulus elasticity 

The equivalent eccentricity 

Any small amount curvature capable observation, 
but not always noted records test and making the total de- 


was found that the influence each these three 
great that very small deviations from the estimated values finally 
adopted destroy the agreement between calculation and observation, 
and as, these estimated values, are already dealing with very 
small quantities, noted that the small deviations referred 
would incapable being observed any ordinary experiment. 

The examples selected for purposes comparison 
have been taken from the tests round-ended columns 
Low Moor, No. cast iron, made Mr. Eaton 
Hodgkinson,* and from these tests round-ended 
wrought-iron columns, made Mr. James 

These examples have been chosen solely account 
the fullness the records deflections. each case the 
effective column length has been taken being the dis- 
tance between the centers the hemispherical ends, 


' 
fe 


Examples from Hodgkinson’s Tests Low Moor, No. Cast Lron. 


Test No. Table cylindrical, hemispherical-ended 
column, 60.50 ins. length over ends, 0.99 in. diameter, say 59.50 ins. 
effective length. 

moment inertia section 0.472 in.* 


0.055 in., equivalent eccentricity loading; 


0.07 in., probable initial curvature escap- 
ing observation. 


Recorded the Philosophical Transactions the Royal Society London, for 
1840. 


Transactions, Soc. E., Vol. xiii. 
Philosophical Transactions, Royal Society, London, 1840. 


\ 
| | | 


Papers.] MONCRIEFF THE PRACTICAL COLUMN. 347 


pounds. Inches. Inches. Inches. Inches. 
515.... 0.0253 0.07 0.05 
655.... 0.0360 +0.07 0.1060.......... 0.10 
991.... 0.0756 0.1456.......... 0.14 
1183.... 0.1160 0.07 0.1860.......... 0.19 
Ult. load. 663.... 0.5690 0.07 0.6390.......... failed. 


Test No. 20, cylindrical, hemispherical-ended 
column, 60.50 ins. length over all, 1.97 ins. diameter, say 58.50 ins. 
effective length. 

I= 0.74 


pounds. Inches. Inches. Inches. 


Test No. Table VIII.—Hollow, cylindrical, hemispherical- 
ended column (Fig. 14), 90.75 ins. length over all, 1.78 ins. external 
diameter, 1.21 ins. internal diameter, say ins. effective length. 

Core center 0.19 in. out center 
external circle column (ascertained 
after fracture). Center area 0.09 


CENTER OF AREA 
CENTER OF EX” _.WAL CIRCLE 


"CENTER OF LORE 


in. out center external circle 


column. 14. 
0.367 


‘ 
\ 
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pounds. es. Inches. Inches. 


317.... 0.13050 0.03 0.10050 
Maximum. 585.... 0.67760 0.03 0.64760.... (not 
Test No. Table VIII.—Hollow, cylindrical, hemispherical- 
ended column (Fig. 15), 90.75 ins. length over all, 2.23ins. external 
diameter, 1.53 ins. internal diameter, therefore, say 88.52 ins. effective 
length. 
Core center was 0.135 in. out 
center area was 0.12 in. out center 
external circle. 


in.* 


Estimated values: 000 Ibs., in., —0.025 in. 


Inches. 


pounds. Inches. Inches. 
0.0347 0.025 0.0097....... 0.04 
341.... 0.1415 0.025 
365.... 0.3085 0.025 
373.... 0.4040 0.025 0.3790 
137.... 0.7080 0.025 0.6830 
Test No. 15, Table VIII.—Hollow, cylindrical, hemispherical- 
ended column (Fig. 16), 90.75 ins. length over all, 3.36 ins. external 
diameter, 2.61 ins. internal diameter, say effective length 


348 
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Core center, after fracture, found 
0.067 in. out center external 
circle column. Therefore, center 
area was 0.105 in. out center ex- 


ternal circle. 
3.915 ins.* 
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AREA 

YA —CENTER OF EXTERNAL CIRCLE 
—GENTER OF CORE 


16. 


nenes., 


pounds. Inches. 


528....0.8175 0.035 0.8525 
Ult. load. 477....1.1750 1.2100 


Test No. Table rectangular pillar with hemi- 


Inches. 


bent. 


“eee ee 0.15 


spherical ends, 60.5 ins. length over all, 1.54 1.56 ins. nearly square, 


say ins., effective length 


4465..... 0.025 0.015 0.015 


Ult. load. 581 


ao 


} 
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Examples from Christie’s Tests Wrought-Iron Struts with Hemi- 
spherical Ends.* 


Test No. 204.—T-bar; in. 87.25 ins. length over all, 1-in. 
balls and plates, 86.25 ins. effective length 


0.025 in. 


pounds. Inches. Inches. Inches. Inches. 
200....0.0304 0.025 0.0554........ 0.05 
400....0.1178 0.025 0.1428........ 0.15 
500....0.2760 0.025 0.3010........ 0.30 
Ult. load. 550....0.5410 0.025 0.5660........ 


Test No. 205.—T-bar; ins. ins. 82.0625 ins. length over 
all, 2-in. balls and plates, 0625 ins., effective length. 


sq. ins. (0.62)? 0.9725 in.* 


pounds. Inches. Inches. Inches. Inches. 
column failed, 


Transactions, Am. Soc. E., Vol. xiii. 


q 
qj 
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Test No. 206.—T-bar; ins. 82.375 ins. long over all, 


2-in. balls and plates, 80.375 ins. effective length. 


sq. ins. (0.55)? 0.523325 in.* 


pounds. Inches. Inches. 
500 0.00086 0.05 
...0.0058 0.05 
0.05 
0.05 
0.05 
000....0.1097 0.05 
000....0.1718 0.05 
000....0.2270 0.05 


(22 


(23 000) 


0.05) 


observed. 


Inches. Inches. 
0.03 
0.05 
0.06 
0.10 
0.12 
0.16 
0.22 
0.30 
failed. 


Test No. 208.—T-bar; 81.1875 ins. long over all, 
balls and plates, therefore, effective length 80.1875 ins. 


Estimated values: 000 000 0.05 in., 0.08 in. 


load, 
pounds. 


200. 

600. 

800. 

000. 

200. 

400. 

600. 

800. 

000. 

200. 


Inches. 


0.03 


Inches. 


nches. 
0.02 
0.05 
0.06 
0.07 
0.0884...... 0.09 
0.12 
0.15 
0.20 
0.30 
failed. 
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Test No. 211.—T-bar; ins. ins. 63.1875 ins. long over all, 
1-in. balls and plates, therefore, effective length 62.1875 ins. 


Estimated values: 000 000 0.10 in., 0.02 in. 


pounds. Inches. Inches. Inches. Inches. 


0.02455 0.02 0.0446 
0.04110 0.02 0.0611 
0.06175 0.02 0.0818 
0.12460 0.02 0.1446 
0.17600 0.02 0.1960 

0.02 0.5210 not recorded. 


Test No. lin. 45} ins., long over all, 1-in. 
balls and plates, therefore, effective length 44.25 ins. 
sq. in. (0.26)? 0.02028 in.* 
Estimated values: 500 000 Ibs., 0.037 in., 0.008 in. 


pounds. Inches. Inches. 


400... 0.0123 0.008 0.0203 

Ult. load. 0.008 0.8755 

With regard the value the modulus elasticity esti- 
mated for the foregoing comparative examples, may mentioned 
that Mr. Hodgkinson found from transverse bending tests the Low 
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Moor No. cast iron, that ranged from 585 530 251 950 
and Mr. James Christie* found from bending tests the wrought iron 
upon which experimented, that ranged from 
631 000 Ibs. 

The value found bending tests, necessarily that 
which must refer dealing with column strength and stiffness, 
the modulus elasticity only enters into the column formula 
account the bending moments exerted the column, and not all 
connection with direct compressive stresses. 

may noted here that the value obtained from the trans- 
verse bending tests ordinary cold-straightened wrought-iron 
steel bars will depend upon the position the points which the 
straightening press has been applied. the straightening done 
near the center the span, the value may reasonably 
expected come out very low, while the influence any straighten- 
ing done near the ends the bars will have comparatively little 
influence the results obtained. 

direct tensile tests the position the points straightening 
will have influence the results, which will only affected 
the amount straightening which the bar has been subjected. 
This will explain the much greater uniformity the results obtained 
direct tension, compared with those obtained transverse 
bending tests, and also with those obtained from compression tests 
where the slightest latitude given for the specimen act 
column, and where the material has had 


GENERAL FORMULAS FOR THE RELATION PROPORTIONS 


STRENGTH. 
Round pivoted ends— 


for failure compressive stress, 


failure tensile stress. 
Strength and Elasticity Structural Steel,” Transactions, Am. Soc. E., 
ol. 


See results Mr. Christie’s tests Strength and Elasticity Structural 
Steel,” Transactions, Am. Soc. E., Vol. xiii. 


| 
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Fixed ends....R twice the values given Formulas (7) and (8). 
Flat ends..... fixed ends, keeping view that 
Formula (8) made zero, resulting 
Formula (9). 
Hinged upper limits, same for fixed ends. 
Pin ends. lower limits, same for round ends. 
Attention must here drawn the fact that Formulas (7) and (8) 
are not actually two different formulas, but are only simple algebraic 
transformations one and the same general formula (6), referred 
the two conditions failure compressive stress and tensile 
stress, the only other modifications necessary for their application 
any the types column previously given being due the con- 
ditions end fixing determining the relative length columns 
the same but with different end conditions. 
will noticed that there are three factors the formulas 
which necessary assign values, and these are: 
(1) The value modulus elasticity; 
(2) The value the maximum fiber stress; 


(3) The value 


Careful study the great variations shown actual tests, and 
the comparisons made between actual and calculated deflections, 
indicate very great difficulty assigning any fixed values 
for thesé quantities for general application, but must remembered, 
that not practically possible predict the precise strength any 
given column, and that being so, only remains endeavor deter- 
mine the limits between which may expect the column strength 
lie. With this view, using approximately normal values 
obtained tests direct tension compression, assigning values 
approximately shown the higher tests short columns, and 
given direct tests tensile strength, the writer has found 
that the lower limit column strength given fairly the formulas 


when =0.6; and also appears that the upper limit given the 
formulas, when 0.15 rarely exceeded. 


These values are applicable alike cast iron, wrought iron, mild 


steel, hard steel, and several kinds timber, will seen refer- 
ence the various diagrams column tests appended. 


q 
j 
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interesting note that the case solid, round columns, 
the value 0.6 for lower limit strength corresponds 


alent eccentricity (0.3 radius gyration), and applying this 
bar in. diameter, where 0.5 in., and 0.25 in., the value 
would only (0.3 0.25 in.) in. 

this amount the possible errors setting the test specimen may 
only small part, and assume that initial external curvature 
bar, irregularities the line physical axis, and the effects cold- 
straightening account for say 60% the total value the remain- 
ing 40%, 0.03 in., would the extreme permissible amount error 
setting the specimen, and becomes apparent how important such 
small errors are experiments columns, and how very carefully the 
testing must carried out order develop even the lower limit 
strength shown the accompanying diagrams. 

This also impresses the mind with the danger generalizing from 
the results any single series tests where the number tests not 
very large. 

Strictly speaking, the theory and resulting formulas this paper 
apply only when the loads are such will the material the 
column beyond the elastic limit, condition which applies equally 
the common theory fiexure solid beams under simple bending. 
This, however, forms bar the extension the application the 
formula for elastic beam strength cases ultimate strength where 
the elastic limit exceeded, provided proper recognition given the 
fact that the ultimate maximum fiber stresses apparently developed are 
not true values tensile compressive strength, but are always much 
higher than obtained from tests under direct stress. The reasons for 
this are now well known and need not dealt with here. 

There is, therefore, considerable justification for the application 
the column formulas comparison with experiments ultimate 
strength, which, fact, form the only available basis reference 
which the engineer can 

Differences opinion exist among engineers whether columns 
should designed with regard the ultimate strength with regard 
the maximum fiber stress developed the working load. The 
former far the more common practice, owing the existing state 
knowledge the principles column strength, and this renders 
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necessary for any theory and formulas, proposed for use practice, 
compared with available experimental evidence. 

the writer’s view, the more rational method design columns 
ensure that given maximum fiber stresses will not exceeded 
under the working load, while the same time taking care refer 
experimental results, order see that sufficient margin provided 
against failure instability the longer lengths. 

would reasonable expect that the values and being 
maximum fiber stresses, would, when referred tests carried ultimate 
failure, partake somewhat the nature and value generally accorded 
the corresponding maximum apparent fiber stresses determined from 
tests ultimate transverse strength simple solid beams. 
necessary, however, keep view that hardly possible that they 
can have such high apparent values beam tests, owing the 
rapidly accumulating bending moment developed columns the in- 
creasing deflection, which must evidently intensified any extra 
yielding the extreme fibers due their elastic limit being exceeded, 
and thus accelerating the deflection. 

the case beams, course, the increase deflection accompany- 
ing increasing load has influence whatever the bending 

The writer has not found necessary for loaded 
columns wrought iron, mild hard steel, and timber, deal with 
the condition failure tensile stress, excepting regards incipient. 
tension flat-ended columns. 

The maximum compressive stress column symmetrical section 
always has greater value pounds per square inch than the maxi- 
mum tensile stress, and the difference between the compressive and 
tensile strengths must considerable before tension becomes the con- 
trolling influence. This the case with high-class cast iron, such 
was used Hodgkinson his tests Low Moor, No. iron, and the 
curves for failure tension are therefore plotted the diagrams 
showing these tests. 

order discover, possible, any special features accompanying 
any particular set tests, the writer has assigned separate diagram 
the principal sets experiments where the number and range 
tests were sufficiently great justify it, and where this was not the 
case, the individual tests have been given distinguishing symbols 
assist arriving correct judgment. 


| 
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Tests Round-Ended, Pillars, 


2 ” ” ” »? LONGER THAN 320 TIMES 


THEIR RADIUS OF GYRATION, 
3 WHICH WERE PURPOSELY LOADED WITH CONSIDERABLE 


ECCENTRICITY, 


FROM 
DIAM. 
FROM 0.77” 0.77" 
1.54” 1.56” 
FROM DIAM. ,EXTERNAL, 
DIAM. 
3°x 3°x 
TOTAL. 
THE MOD. ELASTICITY, OBTAINED FROM TRANSVERSE 
BENDING TESTS, WAS 12,585,530 LBS. 
14,251,950 LBS. 
THE TENSILE STRENGTH TWO CRUCIFORM SPECIMENS 


all Low Moor, No. 3 Iron. =F, 
EVERY TEST SHOWN THE DIAGRAM, 110,000 
EXCEPTING ROUND-ENDED, WHICH WERE VARYING DIAMETER, 


6 WHICH HAD ONE FLAT AND ONE ROUND END, i 
NUMBER OF TESTS ON DIAGRAM, 
ROUND-ENDED, 54 SOLID CYLINDRICAL @ | 95,000 
| 


120,000 


115,000 


105,000 


160,000 


90,000 
85,000 


lil 80,000 


75,000 


70,000 


300 280 260 240 220 200 180 160 140 120 100 80 60 
ratio 


17. 


WAS 13,840 LBS. PER SQUARE INCH, 
15,220 LBS. PER SQUARE INCH. 
THE CURVES UPPER AND LOWER LIMITS STRENGTH 
ARE CALCULATED THE BASIS 
E=14,000,000 LBS. PER SQUARE INCH, 55,000 
ULTIMATE CRUSHING STRENGTH 115,000 LBS. PER SQUARE INCH, 
EFFECTIVE LENGTH COLUMNS TAKEN, BETWEEN CENTERS 
ROTATION, DEDUCTING THE HEMISPHERICAL 
ENDS FROM THE GROSS LENGTH, 45,000 
VALUE LOWER LIMIT TAKEN CORRESPONDING 
ECCENTRICITY LOADING 0.3 TIMES THE RADIUS 
GYRATION THE SOLID CYLINDRICAL COLUMNS, 
AVERAGE DIRECT COMPRESSIVE LOAD POUNDS PER SQUARE INCH. 
FORMULAS FOR LOWER LIMIT COLUMNS. 
FOR FAILURE COMPRESSION 30,000 
AND H+ 
FOR FAILURE 25,000 
NOTE THAT 15,000 
115,000 LBS. 20,000 
15,000 


one 
65,000 
7 
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has already been remarked, the writer has been unable obtain 
practical verification the precise influence form section from 
existing records experiments. demonstrate this influence 
practical evidence would necessary make large number new 


experiments sections having widely different values and 


the same time impose the loads with comparatively large and pre- 
determined value eccentricity, order overshadow the relative 
influence what has been dealt with the foregoing pages 
equivalent eccentricity.” 

All the diagrams column tests accompanying this paper have been 
made self-explanatory far possible. 

They are follow: 

Cast Iron. 


Fig. 17.—Representing tests round-ended columns Low 
Moor. No. cast iron, Mr. Hodgkinson. 

The tests are plotted effective lengths, allowance having been 
made for the rounding the ends taking them hemispherical 
the same diameter the bars. The ends were not actually hemi- 
spherical every case, some being somewhat more pointed, but 
error importance involved the assumption made. 

Fig. 18. Representing tests flat-ended and disc-ended columns 
Low Moor, No. cast iron, Mr. Hodgkinson. 

will noticed this set tests flat-ended columns, that the 
longer columns, from ratio upward, not show low 
strength indicated the lowermost dotted curve for incipient 
tension, but failure this critical point flat-ended columns 
evidenced strongly the case tests wrought iron and steel 
that the higher results obtained Hodgkinson these tests cast 
iron must attributed partly his extreme care, and partly the 
comparative fewness tests each length. 

These two sets tests have been abstracted from Mr. Hodgkinson’s 
remarkably careful records.* They are the only published records 
tests cast-iron columns made consistent and scientific manner 
one grade material known character. The values load per 


square inch, radius gyration and ratio have been 


the writer from Mr. Hodgkinson’s figures. 
Philosophical Transactions, Royal Society London, 1840. 
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120,000 


Tests Flat-ended and Disc-ended 
Cast-lron Pillars, all Low Moor, No. 3 Iron. 


EVERY TEST IS SHOWN ON THE DIAGRAM. 
EXCEPTING 8 DISC-ENDED, WHICH WERE OF VARYING DIAMETER, |, 
6 WHICH HAD ONE FLAT ENDAND ONE ROUND END, 
7 WHICH WERE REDUCED AT SPECIAL POINTS IN THEIR 
LENGTH BY TURNING DOWN, | 
2 WHICH WERE LONGER THAN 320 TIMES THEIR 
RADIUS OF GYRATION. 


115,000 


108,000 


100,000 


NUMBER OF TESTS ON DIAGRAM, 
FLAT-ENDED, 65 SOLID CYLINDRICAL e 


DIAM., 


” ” 17 HOLLOW CYLINDRICAL o 


FROM EXTERNAL 


° 
DIAM, 
> 
> 


96 TOTAL 


THE MOD. OBTAINED FROM TRANSVERSE 
BENDING TESTS WAS 13,585,530 LBS. 
14,251,950 LBS. 
‘THE TENSILE STRENGTH TWO CRUCIFORM SPECIMENS| WAS 
13,840 LBS. PER SQUARE INCH 
LBS. PER SQUARE INCH 
THE CURVES UPPER AND LOWER LIMITS STRENGTH 
ARE CALCULATED THE BASIS 
14,000,000 LBS. PER SQUARE INCH. 
ULTIMATE CRUSHING STRENGTH 
LBS. PER SQUARE INCH 
ULTIMATE TENSILE STRENGTH 


=15,000 LBS. PER SQUARE INCH 


CORRESPONDING ECCENTRICITY LOADING 
0.3 TIMES THE RAD. GYR. SOLID CYLINDRICA 
COLUMNS 

VALUE FOR UPPER LIMIT TAKEN 0.15 

PER SQUARE INCH. 
FORMULAS FOR LOWER LIMIT COLUMNS. 


| 


40,000 
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il 25,000 


l 


FOR FAILURE BY TENSION! 
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Fig. 19.—Representing tests cylindrical, columns 
cast iron various kinds, Mr. Hodgkinson.* 
One test Mr. Charnock, Bradford Technical College, England, 
hollow cast-iron column, with flat flanged 
test Professor John Goodman, Yorkshire College, Leeds, 
England, hollow column with flanged 
Fourteen tests cylindrical, hollow columns, with ends, made 
the New York City Department 
Fourteen tests hollow columns with and flanged ends, 
Watertown 
Total number tests diagram, 106. 


The sectional areas, loads per square inch, radii gyration and 
values have all been calculated the writer from the figures 
given the records, except for the New York tests, for which the radii 
gyration and ratio only, were calculated. 


Most the Watertown tests were tapered columns, and all the 
areas, loads per square inch and radii gyration calculated for these 
refer the section the middle the column length, which will 
explain the divergence from the figures for ultimate strength per 
square inch given Professor Lanza. 

The results plotted Fig. refer tests columns various 
kinds cast iron. Hodgkinson’s tests alone cover different irons, 
widely different compressive strength, short specimens. 
information given the physical characteristics the irons used 
the other tests plotted the diagram. 

number the columns this (1857) series Hodgkinson were 
subjected more than one test. They were made long first, and 
after being tested they were cut down into shorter columns and re- 
tested, circumstance still further adding the difficulty deriving 
any definite laws strength from these tests. 

Regarded means determining the influence column pro- 
portions ultimate strength, the results any the tests plotted 
Fig. are little value, and most cursory consideration will 

*Abstracted from Mr. Hodgkinson’s paper Philosophical Royal 
Society London, 1857. 

Engineering, February 28th, 1896. 

Engineering, September 11th, 1896, 


Engineering News, January 13th, 1898. 
Reports, 1887-1888, and Lanza’s Applied 
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Cast-lron Columns Flat Ends. 


LOWER LIMIT FORMULAS 63 SOLID CYLINDRICAL_FROM 24 FT, LONG TO 10 FT. LONG FROM 1.515" Tr 


FIXED ENDS SOLID SQUARE FT. LONG SQUARE SQUARE, 


2 SOLID TRIANGULAR 10 FT. LONG X 3. 547” AND 3.47" SIDE OF TRIANGLE (Eq UILATER: ah 


TESTS HODGKINSON DIFFERENT KINDS CAST IRON. 
TESTS HOLLOW CYLINDRICAL COLUMNS BUILDINGS DEPT. 
NEW YORK CITY (1896-1897)-@ 
FROM EXTERNAL DIAM. AVERAGE THICKNESS LONG 
FOR INCIPIENT TENSION. To 15° x 190%" ” 
LBS, PER SQUARE INCH, OLD HOLLOW COLUMNS, SLIGHTLY TAPERED 


LBS. PER SQUARE INCH, FROM ABOUT AVERAGE EXTERNAL DIAM, AVERAGE INTERNAL 


COMP. LOAD POUNDS TESTSON NEW CYLINDRICAL HOLLOW COLUMNS 
PER SQUARE INCH, FROM DIAM. INTERNAL DIAM. 
TEST MR. CHARNOCK, BRADFORD TECH. COLLEGE, ENGLAND, CYLINDRICAL HOLLOW COLUMN 
WITH FLANGED ENDS, DIAM, DIAM. FT. LONG. 

TEST PROFESSOR JOHN GOODMAN, YORKSHIRE COLLEGE, ENGLAND, CYLINDRICAL 
WITH FLANGED ENDS, DIAM. DIAM. FT. LONG, 
106 TESTS, TOTAL DIAGRAM. 
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show the absurdity attempting generalize with regard any 
the three principal sets tests this diagram. Nevertheless, these 
are the most important tests cast-iron columns yet made, from the 
point view the engineer, representing, they do, all the experi- 
mental evidence present available justify the confidence the 
designer using this material its commoner qualities without any 
definite knowledge check upon its physical characteristics. 

worthy note that prior the Watertown tests 1887 and 
1888, there was absolutely published experimental evidence existing 
the strength common grade cast-iron columns the proportions 
length radius gyration most common use. Hodgkinson’s 
tests (1857) did not give results columns shorter lengths than 
times the radius gyration, and his tests the 1840 paper were 
iron comparatively high class. This want has, slight 
extent, been filled the Watertown tests and the New York Building 
Department tests. 

surprising think the enormous number cast-iron 
columns which have been put into use without any justification for the 
loads imposed them, except simple faith Hodgkinson’s, Gor- 
don’s and Rankine’s formulas, and the numerous tables calculated 
therefrom and published engineering pocketbooks and treatises. 

The writer does not pretend that the curves plotted Fig. have 
any other than purely accidental correspondence with the experi- 
mental results shown the diagram. 

The curves calculated from the formula refer material certain 
fixed characteristics, while the experiments plotted Fig. were 
made cast iron widely different grades. 

the same time the curves follow definite laws, and may serve 
basis reference. The writer, his own practice, would not care 
count upon higher ultimate strengths for common cast-iron col- 
umns than are given the lowest curves the diagram. 


Wrought Iron.—Round Pivoted Ends. 


Fig. 20.—Representing tests round-ended columns Mr. 
Christie.* These tests have all been plotted lengths measured from 
center center hemispherical ends. Mr. Christie gives values 
based extreme lengths. 


Transactions, Am. E., Vol. xiii. 
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1 Teer SECTION 4° DEEP. 
1 TEST BOUSCAREN’’8”PHOENIX COLUMN. 
” 
14 TESTS »* HODGKINSON” SOLID CYLINDRICAL COLUMNS 0.52 DIAM. TO 1.02 DIAM. @ 


48 TESTS, TOTAL ON DIAGRAM. 


LOWER LIMIT 


ROUND ENDS 


E = 28,000,000 LBS. PER SQUARE INCH, 


Fe = 48,000 LBS. PER SQUARE INCH, 

cé 

72 = 0-6, 

ta = AVERAGE COMPRESSIVE LOAD IN LBS, PER SQUARE INCH. 


NOTE: MR. CHRISTIE STATE® THAT THE IRON WOULD AVERAGE,(IN HIS TESTS) 
49,000 LBS. PER SQUARE INCH TENSILE STRENGTH, 


$2,000 %* 99 ” 4 99 ELASTIC LIMIT. 
WITH 18% ELONGATION IN 8 INCHES. 
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the case Tests Nos. 227, 228 and 229 the ratio has been 
recalculated from the lengths given Mr. Christie’s Table No. 
The values for these three tests given this table not agree 
with the lengths and radii gyration. 

The tests Mr. Christie shown this diagram are Nos. 200 
229, inclusive, his Table No. and Nos. 287, 290 and 293 his 
Table No. 

One test round-ended column large size Bous- 
caren,* Am. Soc. The ends this column were portions 
sphere 10} ins. radius, and the effective length has, therefore, been 
taken 20} ins. shorter than the length over all. 

Fourteen tests round-ended columns Mr. 
Allowance for the round ends, arriving effective length, has been 
made this case also. The sectional areas, loads per square inch, 


radii gyration, and values have been calculated the 


writer from Mr. Hodgkinson’s records. 

Total number tests diagram, 48. 

Fig. 21.—Representing 116 results, Professor Tetmajer pivot- 
ended These results represent 210 experiments. 
four the results plotted represent each case the average two 
tests, while twenty-two the results are for single experiments. The 
results, plotted the writer, are every case for the load per 
gross square inch. the specimens were compounded two 
four pieces riveted together, and the diagram given Professor 
Johnson his Materials Construction,” these results appear 
have been plotted for load per net square inch (the rivet holes being 
deducted), and they have, therefore, too high value. This error was 
repeated the reproduction the diagram Mr. Marston his 
discussion Professor Cain’s 

Fig. 22.—This diagram simply combination Figs. and 
21, and therefore includes practically the whole the available 
experimental evidence the strength wrought-iron columns 
with both ends free, and unconstrained, e., with 
pivot and with central” loading. 


Transactions, Am. Soc. E., Vol. ix. 

Philosophical Transactions, Royal Society, London, 1840. 

Tetmajer’s Communications.” 

The Ideal Transactions, Am. Soc. E., Vol. xxxix, pp. 109 111. 
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Columns, (Pointed) Ends. Central 
TESTS BY PROFESSOR TETMAJER, ZURICH. ( SEE TETMAJER'S COMMUNICATIONS ) 
11 RESULTS = 22 TESTS OF SINGLE ANGLE BARS 100 x 100 x 2,000(™.m.)? SECTIONAL AREA. 


4 ” = 24 
13 


16 
12 


12 


16 ” 


” 
” 


TEE-BARS, WITH SECTIONAL AREA 1736(m.m.)?-T0 2600( msm)? 
CHANNEL BARS 140 mm. X 60 2030(msm.)* TO 2096(m.m,)2 SECTIONAL AREA. 
SECTION 1420(m.m.)? TO 2934(m.m,)? SECTIONAL AREA, 

MRM, RIVETTED TOGETHER 2100( m.m.)? TO 2480(m.m,)? TOTAL SECTIONAL AREA, 
COLUMNS OF FOUR EQUAL SIDED ANGLES ( 60mm. x €0 mm, ) 

RIVETTED TOGETHER TOTAL SECTIONAL AREA. 


PAIRS OF TEE-BARS RIVETTED TOGETHER bs 
2098(m.m.)2 TO 2660(m.m. )2 TOTAL SECTIONAL AREA. 


PAIRS OF CHANNELS( 80m.m, x 45 m.m,) RIVETTED TOGETHER 
2176(m.m.) 2 TO 2180(m.m.)2 TOTAL SECTIONAL AREA. 


» SOLID CYLINDRICAL BARS 17.8 m.m, TO 48m.m, DIAM. 
= 249(m.m.) 2 TO 1802(m.m.)? SECTIONAL AREA. 


116 RESULTS=210 TESTS ON SECTIONS VARYING FROM 245(m,m, ) 2 TO 2934(m.m, ) 2 


PLOTTED ON DIAGRAM 


= 0,386 SQUARE INCHES TO 4.55 SQUARE INCHES., 


LOWER LIMIT FORMULA. 


ROUND ENDS 7 — 


E = 28,000,000 LBS. PER SQUARE INCH, 


Fo = 48,000 LBS. PER SQUARE INCH, 


== AVERAGE COMPRESSIVE LOAD IN POUNDS PER SQUARE INCH. 


THE WROUGHT IRON UPON WHICH TESTS 
WERE MADE, SHOWED TENSILE STRENGTH 


REPRESENTS SINGLE TESTS. 


AVERAGE OF TWO TESTS EACH. 
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33 TESTS BY MR. CHRISTIE, TEE-BARS, TUBES & +4 SECTIONS. 

1 TEST BOUSCAREN, PHOENIX COLUMN. 

14 TESTS + *% HODGKINSON, SOLID CYLINDRICAL BARS. 
116 RESULTS=210 TESTS BY PROFESSOR TETMAJER, VARIOUS SECTIONS. 
164 RESULTS=( 258 TESTS) TOTAL ON DIAGRAM. 


LOWER LIMIT FORMULA, 


ROUND ENDS t= 


28,000,000 PER SQUARE INCH, 
48,000 LBS, PER SQUARE INCH, 
0.6, 

AVERAGE COMPRESSIVE LOAD LBS. PER SQUARE INCH. 


Tests of Wrought-lron Columns with Round and Pivoted Ends - ‘Central Loads.’ 
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Tests Columns with Pivoted under special conditions.) Central Loa 


LJ-CHANNEL BARS FROM 77 ™.m. x 52.8 m.m, 

209.6 99.4 WITH SECTIONAL 

ANGLE BARS WITH SECTIONAL AREA FROM 


TESTS, TOTAL DIAGRAM. FUNFZEHNTES HEFT MITTHEILUNG, 
35,000 


367 


40,000 


LOWER LIMIT FORMULA. 
ROUND ENDS 


£ = 28,000,000 LBS. PER SQUARE INCH 


Sa = AVERAGE COMPRESSIVE LOAD IN 
LBS. PER SQUARE INCH. 
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The experiments Considére pivot-ended columns cannot 
made use bases reference for practical work, account 
the attempt made feel for the physical axis,” axis greatest 
resistance, moving the pivot ends out the geometric axis, 
refinement which entirely out the question practical con- 
struction. 

This objection probably applies also Professor Bauschinger’s 
experiments pivot-ended columns, but this point the writer has 
not been able make out clearly from the records. 

may also noted that Considére’s test specimens were 
very small sections, the heaviest being only mm. mm. 
(rectangular) 253 sq. mm. about 0.4 sq. in., and the lightest only 
sq. mm. (angle section) about 0.12 sq. in.* This last objection 
does not apply Bauschinger’s pivot-ended tests, which the 
sections ranged from maximum 63.8 sq. cm. 
25.2 13.86 cm.), 9.9 sq. ins. sectional area, toa minimum 
area. 

Although has been stated that tests (pivot-ended) 
probably cannot used bases reference practical work, 
owing the refinements probably adopted carrying out the tests, 
yet has seemed the writer that record them necessary 
the completeness this paper; and still stronger reason for their 
presentation diagram form lies the fact that spite all the 
highly skilled care and accuracy bestowed the tests, Bauschinger 
did not succeed keeping the lower tests above the lower limit found 
the tests other experimenters, will seen reference 

Fig. 23. 

Fig. 23.—Twenty-nine tests Professor Bauschinger pivot- 
ended columns wrought 

Fig. 24.—Nine results, representing eighteen experiments Profes- 
sor Tetmajer pivot-ended wrought-iron columns under intentionally 
eccentric loads. These results are each case the average the 
tests two unfortunate that the record each 
individual experiment has not been given Professor Tetmajer. 


Considére’s Report Resistance Flambement des Piéces Comprimées 
French Commission des Methodes D’Essai des Materiaux Construction. Tome iii). 

Fiinfzehntes Heft, Mittheilung, xviii. 

Tetmajer’s Communications.” 
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Tests Eccentrically Loaded Wrought-lron Columns with Pivoted (Pointed) Ends. 


TESTS PROFESSOR COMMUNICATIONS). 


AND 3.125 FOR FIBERS TENSION. (RECORD Nos, 14, 15, 16, 17, 18). 
FOR FIBERS COMPRESSION 


AND 3.44 FOR FIBERS IN TENSION. (RECORD Nos. 56 & 58), 


T2 


-AND 3,42 AND 3,47 FOR FIBERS IN TENSION.(RECORD Nos. 51 AND 53). 


9 RESULTS (= 18 TESTS), TOTAL ON DIAGRAM 
FORMULAS. 


ROUND ENDS ; FOR FAILURE BY COMPRESSION, 


FOR FAILURE BY TENSION. 


E*= 28,000,000 &BS. PER SQUARE INCH, 


Fe= +48,000 a 
$1.5 (ASSUMED), FOR UPPER LIMIT CURVE, FAILURE BY COMPRESSION. 


$6.5 AND 3.5(ASSUMED ), FOR LOWER LIMIT CURVES. FAILURE BY TENSION. 
Ja=AVERAGE COMPRESSIVE LOAD IN LBS. PER SQUARE INCH. 


FOR FIBERS_IN COMPRESSION 
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The record numbers the results are noted the diagram. 
Tetmajer’s tests (non-axial), Nos. inclusive, have not been 
plotted the writer, they were T-bars, 100 mm. 100 mm. 
mm., with the load imposed eccentrically the line the 
greatest radius gyration, while the bars all failed the direction 
the least radius gyration. may remarked that the amount 
the intentional eccentricity these tests (Nos. 34) was not suffi- 
ciently great any case ensure that failure would occur flexure 
the plane the greatest radius gyration, and the 
eccentricity the plane the least radius gyration was 
evidently the controlling factor. 

The examples the diagram have been selected for the sole reason 
that they were most nearly uniform the character section, method 
loading, and amount eccentricity. 

Fourteen the tests were pairs angle bars riveted together 
form T-section, and the remaining four were channel bars. 

each case the eccentricity loading was such that the tables 
the T-sections channels were subjected the greatest compressive 


stress, and consequence, the value much less when referred 


the table faces than when referred the points the legs the 
T-sections channels, rendering necessary use two different 
being for failure compressive stress the table faces, and the other 
for failure tensile stress the points the legs. 


values when plotting the curves the writer’s formula, one 


The values deduced from the sections and the actual value 


intentional eccentricity were follows: 


ce ce 
For results. for Compressive stress. for Tensile stress. 
Nos. 14, 15, 16, and 18.............. 1.256 


The curves plotted the diagram have been calculated from values: 
For Compressive stress. For Tensile stress. 


and the characteristic agreement sufficiently satisfactory when 
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remembered that are dealing with tests ultimate strength, and 


that each result plotted the diagram represents the average two 
tests. 


The other non-axial tests made Tetmajer had values too 


little uniformity allow them being used illustrate the influence 


8,000 
Tests Eccentrically loaded Wrought-lron Columns, 
with Pivoted (Pointed) Ends. 


TESTS BY PROFESSOR TETMAJER, ( TETMAJER'S COMMUNICATIONS )« 
5 RESULTS OF SOLID CYLINDRICAL BARS 46 m.m. TO 46.8 m.m. DIAMe 7,000 
WITH ECCENTRICITY OF LOADING m.m, | T 
MEASURED VALUE. — = 6.84 TO 6.96, | 
RESULTS 12 46m.m,TO 46.8 m.m. DIAM. 
WITH ECCENTRICITY OF LOADING =8C m.m, | 
MEASURED VALUE TO 13.92. | 


10 RESULTS 20 TESTS ) ,TOTAL ON DIAGRAM, 


€,000 


FORMULAS. | | 


E = 28,000,000 LBS. PER SQUARE INCH. | 
Fo = + 48,000  »» yo” 
72 TWO SETS OF TESTS (ASSUMED VALUES ) 7 | 
PER SQUARE INCH.| 
NOTE : THE TENSILE STRENGTH OF | 
ABOVE BARS AVERAGED 
51,400 PER SQUARE 
WITH AVERAGE 
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5,000 
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POUNDS PER SQUARE INCB. 
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ATIO. — 
RATIO. 


20 


25. 
eccentric loading combined with the influence varying ratios 


They do, however, most clearly show the serious loss strength 


caused eccentric loading. 


Fig. 25.—Ten results representing tests Professor Tet- 
majer pivot-ended wrought-iron columns under intentionally 
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eccentric loads. Each result plotted the average two tests.* 
These results are especially interesting, notwithstanding their small 
number, the tests were solid, round bars one iron 
throughout, and the observed and intentional value eccentricity 
loading was very large, and thus greatly overshadowed accidental 
conditions. 


Ten the experiments were made with value 6.84 6.96, 


and the other ten with value 13.68 13.92. The ultimate 


strength the iron under direct tension given ‘Tetmajer 400 
per square inch, with ultimate elongation 23.7% 200 mm. 
ins. nearly). 

this diagram the vertical scale the load has been made much 
larger than the other diagrams order emphasize the difference 
the results, and show their characteristic agreement with the 
writer’s calculated curves. 

each the two sets experiments plotted this diagram the 
upper curve indicates the loads causing maximum compressive stress 
000 lbs. per square inch, and the lower curve indicates the loads 
causing maximum tensile fiber stress 000 per square inch. 


The curves for the upper set tests have been plotted for value 
and those for the lower set for value 14. 


Wrought Iron.—Fixed Ends. 


Fig. 26.—Twenty-five tests Mr. Christie fixed-ended columns 
angle Reference has already been made the difficulty 
realizing fixity ends columns, and Mr. Christie remarks his 
description his experiments, that the lengths the fixed-ended 
struts were measured between the clamps, whereas the point abso- 
lute fixing probably occurred some place within the clamps, and 


the values given for the ratio would then too low. 
Mr. Christie’s suggestion were adopted and somewhat higher 
value assumed for the value the already fairly satisfactory 


agreement between the writer’s lower-limit curve and the lower results 
the experiments would still more pronounced. 


Transactions, Am. Soc. E., Vol. xiii. 
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Tests Fixed-Ended Columns. 


UPPER AND LOWER LIMIT FORMULA, 


r 


LBS. PER SQUARE INCH, 
LBS. PER SQUARE INCH, 

FOR LOWER LIMIT CURVE, 

FOR UPPER LIMIT CURVE, 

COMPRESSIVE LOAD LBS. PER SQUARE INCH. 


NOTE MR. CHRISTIE STATES THAT THE IRON WOULD AVERAGE, 
49,000 LBS. PER SQUARE INCH TENSILE STRENGTH 
32,000 » ” ” ” ELASTIC LIMIT 
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These experiments Mr. Christie are the only series fixed- 
ended columns which the writer aware. noted that 


Mr. Christie’s Test No. 174, with ratio 118 (maximum load im- 


posed being per square inch), not shown the diagram, 
failure did not take place. 


Wrought 


Figs. 27, 28, 29,30 and 31.—Tests 240 flat-ended wrought-iron 
columns. The diagrams are self-explanatory, possible. Atten- 
tion directed the low results evidenced these test flat-ended 
columns when considerable length, owing their rotating their 
ends. This mode failure was found Mr. Christie his tests 
flat-ended struts, always occurring the longest struts, and never 
the shortest. 

Fig. 32.—Results seventy-nine tests flat-ended wrought-iron 
columns large size, various sections, and various experimenters. 
The writer has not been able refer the original records every 
case, but the sources from which the information has been obtained are 
acknowledged the diagram. 

With regard the Keystone columns tested Mr. Bouscaren, 
only the four which were riveted through the ‘projecting flanges, 
similarly column, are recorded the diagram. 

Fig. 33.—Thirteen tests wrought-iron columns, 
Professor Bauschinger.* These columns, which had flat ends, are not 
open the objections raised against the use, basis reference, 
Bauschinger’s pivot-ended columns. 

Seven results, representing thirteen tests flat-ended wrought- 
iron columns, Professor 

Twenty tests flat-ended wrought-iron columns, the late 
Marshall, M.Am. Soc. Reference Mr. Marshall’s tests will 
made subsequently. 

Forty results forty-six tests, total diagram. 

Fig. 34.—This diagram compounded Figs. 33, inclu- 
sive, and shows the results 390 experiments (384 results), 
wrought-iron columns, the tests being fixed-ended columns, 
and 365 being flat-ended columns. This diagram shows practi- 


Fiinfzehntes Heft, Mittheilung, xviii. 
Tetmajer’s Communications.”’ 
Transactions, Am. Soc. E., Vol. xvii. 
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Eaton Tests Flat-Ended Pillars. 
Number tests Diagram 41, 


GIVEN PHIL. TRANS. ROYAL SOCIETY LONDON, 1840. 
RECTANGULAR, 
RATIO 560 NOT GIVEN 


UPPER AND LOWER LIMIT FORMULAS. 


FIXED ENDS i- FOR FAILURE BY COMPRESSION. 


FLAT ENDS FOR INCIPIENT TENSION. 


28,000,000 LBS. PER SQUARE INCH, 


48,000 LBS. PER SQUARE INCH, 
0.6 FOR LOWER LIMIT CURVE, 
FOR UPPER LIMIT CURVE, 


hi = AVERAGE COMPRESSIVE LOAD IN LBS. 
PER SQUARE INCH. 


INDIC. 
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Tests Flat-Ended Cylindrical Tubes. 55,000 

TESTS MR. EATON HODGKINSON, DIAM. FROM 6.37 (EX. CLARK THE TUBULAR BRIDGES.) 
UPPER AND LOWER LIMIT 
FLAT ENDS 40,000 
48,000 LBS. PER SQUARE INCH, 
FOR LOWER LIMIT CURVE, 
0.15 FOR UPPER LIMIT CURVE, 30,000 
15,000 
10,000 
5,000 
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Tests of Flat-Ended Wrought-lron Angle Bars. | 55,000 
UPPER AND LOWER LIMIT FORMULAS 45,000 
FIXED FOR FAILURE COMPRESSION, 
40,000 
= 48 E 
5) 35,000 
FOR LOWER LIMIT CURVE, 
FOR UPPER LIMIT CURVE, 
COMPRESSIVE LOAD PER SQUARE INCH. 25,000 
| NOTE: MR. CHRISTIE STATES THAT THE IRON WOULD AVERAGE. 
H 49,000 LBS. PER SQUARE INCH TENSILE STRENGTH, 
82,000 “ “ “ ELASTIC LIMIT 
20,000 
WITH 18% ELONGATION INCHES, 
15,000 
540 520 500 480 460 440 420 400 380 360 340 320 300 240 220 200 180 160 140 120 100 
RATIO 
29, 


S 
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1 TEST »» 9 ” 
TESTS TOTAL DIAGRAM. 


UPPER AND_LOWER LIMIT FORMULAS. 


ENDS 


FLAT ENDS 


LBS, PER SQUARE INCH. 
LBS. PER SQUARE INCH, 
FOR LOWER LIMIT CURVE. 
FOR UPPER LIMIT CURVE. 


1? _ AVERAGE COMPRESSIVE LOAD IN LBS. PER SQUARE INCH. 


NOTE: MR. CHRISTIE STATES THAT THE IRON WOULD AVERAGE 
49,000 LBS. PER SQUARE INCH TENSILE STRENGTH, 

32,000 » ” ELASTIC LIMIT, 
WITH 18% ELONGATION IN 8 INCHES, 


37 TESTS BY MR. JAS. CHRISTIE ON BARS 1"x 1” TO 4"x 4” 
1 TEST BY MR. DAVIES, ON BAR 3"%x 3"x34 (PROC. INST. C. E. VOL. XXX.) > 
ON CRUCIFORM BAR 3° x 2)4x3"(PROC, INST. C. E. VOL. XXX.) JK 


FOR FAILURE BY COMPRESSION, 


(TRANS. AM. SOC. C. E. VOL. XII.) 
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Tests FlatEnded Channels and Beams Columns. 55,000 


@28 ‘* AT WATERTOWN ARSENAL ON CHANNELS 6,8,10 AND 12 DEEP EX. LANZA'S 50,000 
FROM DETROIT BRIDGE AND IRON CO. EACH MECH. 

TESTS TOTAL DIAGRAM 


UPPER AND LOWER LIMIT FORMULAS. 
FIXED ENDS 5 - Ce’) FOR FAILURE BY COMPRESSION. 


FLAT ENDS 


28,000,000 LBS. PER SQUARE INCH, 

48,000 LBS. PER SQUARE INCH, 

FOR LOWER LIMIT CURVE, 

UPPER 

AVERAGE COMPRESSIVE LOADIN LBS. PER SQUARE INCH. 


NOTE MR. CHRISTIE STATES THAT THE IRON WOULD AVERAGE HIS TESTS) 
49,000 LBS. PER SQUARE INCH TENSILE STRENGTH; 
$2,000 « “ “ “ “ ELASTIC LIMIT 
WITH ELONGATION INCHES, 


POUNDS 
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Tests Flat-Ended Full Size Wrought-lron Columns, 


S3TESTS BY MR. BOUSCAREN ON BOX COLUMNS (PROC. INST. C. E. VOL. 54) ALSO (TRANS. AM. 80C.C. E. VOL. x) 
+” AT WATERTOWN ARSENAL ON BOX COLUMNS ( DETROIT BRIDGE CO'S. COLUMNS ) LANZA’S APP. MECH. PP. 444-445. 


” BY MR. BOUSCAREN ON AMERICAN BRIDGE CO's.cOLUMNS (PROC. INST. C. E. VOL. 54 ) 
” ” MR. C. L. STROBEL ON "'STROBEL" COLUMNS (TRANS. AM. SOC. C. E. VOL. XVIII ) 
AT WATERTOWN ARSENAL OF KELLOG CO'S.COLUMNS, BRACED CHANNELS. (WARREN'S ENGINEERING CONSTRUCTION P. 
” ” » OF DETROIT BRIDGE CO'S. » ” ”» (LANZA’S APP. MECH.P. 430.) 
OF PHOENIX COLUMNS, OLARK REEVES & CO, (TRANS. AM, SOC. C. E. VOL, XI ) 
” ” ” AT WATERTOWN (LANZA’S APP. MECH. P. 433) 
” ” ” BY MR. BOUSCAREN (PROC. INST. C. E. — 


KEYSTONE ” ( » » » 


FOR INCIPIENT TENSION, 


28,000,000 LBS. PER SQUARE INCH. 
48,000 LBS. PER SQUARE INCH. 
0.6 FOR LOWER LIMIT CURVE. 


0.15 FOR UPPER LIMIT CURVE. 


AVERAGE COMPRESSIVF LOAD IN LBS. PER SQUARE 


ORKING 


189 


55,000 


50,000 


45,000 


35,000 


30,000 


15,000 


10,000 


5,000 
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Tests Columns, Flat Ends. 
5 TESTS OF /—{ BEAM SECTION 98.9 m.m, X 48 mim. AND 156.6 m.m, X.78.2m.m,, WITH SECTIONAL AREA = 1210(th.m.)? m. mz)? 
2 1» 99 CHANNEL BARS 144.8 m.m. x 60 8 m.m. WITH SECTIONAL AREA = 2084 ( m.m.)? AND 2149 (m.m.)? 
3 TEE*BARS 117.7 mm. x 79.1 ” ” =1892(m.m.)? TO 1929(m m.)? 
3 ANGLE BARS WITH SECTIONAL AREAS = 1327 (m.m.)2 TO 1377(m.m,)? 
@13 TESTS BY PROFESSOR BAUSCHINGER. ( FUNFZEHNTES HEFT MITTHEILUNG, XViI!).- 
1 RESULT OF ANGLE BAR 100 m.m, x 100 m.m, = 1530( m m.)2 SECTIONAL, AREA. 7 
1-9) TEE- BAR 120 mm, x 60 mm, = 2080! m.m.)? » ” 
2 SECTIONS 180m.m. x 82 m.m =2934(m.m.)? 
1 non TEE-BARS RIVETED TOGETHER 90 m.m. xX 45 EA, =2098(m.m.)? SECTIONAL | 
AREA TOTAL. 
1 on ‘T-2 CHANNELS”? ” 80 X45 m.m,= 2176 (mm, )? SECTIONAL AREA = 
© 7 RESULTS (=13 TESTS) BY PROFESSOR TETMAJER,( TETMAJER'S COMMUNICATIONS). 
i=) O20 TESTS OF SOLID ROUNDS, SQUARES AND FLATS FROM 34" DIAM ROUND TO 3.2"% 194 FLAT | } 7 
o =——( NOT COLD-STRAIGHTENED) BY MR. C. A. MARSHALL ( TRANS. AM. SOC. C. E., VOL. xvi!) | | of” | 
40 RESULTS (= 46 TESTS ) TOTAL ON DIAGRAM. 
a UPPER AND LOWER LIMIT FORMULAS, | i e 
| | 
FOR FAILURE BY 
= FIXED ENDS, COMPRESSION. | ° 
Z = 28,000,000 LBS, PER SQUARE INCH, 
& Fe = 48,000 » ” 
/ 
0-8 FOR LOWER LIMIT CURVE, | 
| 
+ 
- ] 
Zz —t — — = + + 
T 
| | 
a | | 
| ave 
| | 
| | 
Q 400 380 360 340 820 300 280 260 240 220 200 180 160 440 120 100 80 40 
RATIO 
33, 


50,000 


45,000 


40,000 


35,000 


30,000 


25,000 


20,000 


18,000 


10,000 


5,000 


POUNDS 


4 
3 
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Tests Columns with Flat Ends and Fixed Ends. 


41 TESTS 


61 
50 
49 
39 


20 
25 


384 RESULTS ON DIAGRAM REPRESENT 390 TESTS, 


RESULTS 


TESTS 


BY 


HODGKINSON, RECTANGULAR, FLAT ENDS. 


CHRISTIE, DAVIES, AND AT WATERTOWN, CHANNELS AND BEAMS, FLAT 


” 9 ANGLE BARS, FLAT ENDS. 


HODGKINSON & CHRISTIE, TUBES, FLAT ENDS. 
CHRISTIE & DAVIES, TEE-BARS, FLAT ENDS. 
VARIOUS EXPERIMENTERS, LARGE SIZE COLUMNS, 


CHRISTIE, ANGLE BARS, FIXED ENDS. 


UPPER AND LOWER LIMIT FORMULAS. 


E =.28,000,000 LBS.PER SQUARE INCH, 
LBS. PER SQUARE. INCH, 


48,000, 
cé 


i= AVERAGE COMPRESSIVE LOAD IN 
LBS. PER SQUARE. INCH. 


FLAT ENDS. 
PROFESSOR BAUSCHINGER, VARIOUS SECTIONS, FLAT ENDS. 
PROFESSOR TETMAJER VARIOUS SECTIONS, FLAT ENDS. 

MR. C. A. MARSHALL, SOLID ROUND & RECTANGULAR, FLAT ENDS. 


=2 FOR INCIPIENT TENSION. 


FOR FAILURE BY COMPRESSION, 


ENDS. 


280 
RATIO r 
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Tests Hinged-Ended Columns. 


@50 TESTS BY MR. JAS. CHRISTIE ON ANGLE BARS, 7 x t x % TO 4: x 4 x tl 
es BARS, 1'TO 4°x 4" 


106 TESTS TOTAL ON DIAGRAM. 


FIXED ENDS te 2 


ROUND 
Tr 


28,000,000 LBS. PER SQUARE INCH, 
Fe= 48,000 LBS. PER SQUARE INCH, 

0.15 FOR UPPER LIMIT CURVE, 


32,000 «& “ “ “ “ 
WITH 18% ELONGATION IN 8 INCHES, 
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UPPER AND LOWER LIMIT FORMULAS. 


FOR FAILURE BY COMPRESSION, 


FOR FALLURE BY COMPRESSION. 


ELASTIC LIMIT 


he = AVERAGE COMPRESSIVE LOAD IN LBS. PER SQUARE INCH. 


NOTE: MR, CHRISTIE STATES THAT THE IRON WOULD AVERAGE , 
49,000 LBS. PER SQUARE INCH TENSILE STRENGTH, 


300 280 260 
RATIO 


TRANS. AM. 
soc. 
VOL. Xiil. 


240 


200 


180 


160 


140 


120 


100 


80 


POUNDS 
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cally all the available experimental data the strength wrought- 
iron columns with flat ends. 


The weakness columns the higher ratios 
most clearly evident this diagram. The high strength shown 
number columns ratio 30, and under, striking feature, 


and would appear that columns longer than radii gyration (74 
diameters cylindrical solid bars) cannot expected develop 
higher strength due plastic yielding under compression, and that 
column action begins come into play more definitely about ratios. 


evident that very short columns the useful ultimate strength 
must measured the elastic limit under compression, and this may 
not have been noted carefully some the experiments, but beyond 
the ratio 30, the influence column length appears become very 
strongly marked. 


Wrought Iron.—Hinged Pin Ends. 


Fig. 35.—One hundred and six tests hinged-ended angles, tees, 


tubes, channels and beams, Mr. Mr. Christie’s account 
his tests, remarks: hinged-ended tests varied all the way 
from the value round-ended flat-ended.” 

The writer would extend this to, ‘‘the hinged-ended tests varied all 
the way from the lower values for round-ended the higher values 
for flat fixed-ended.” 

The truth this apparent referring the diagram which 
the writer has plotted the lower limit curve for round-ended columns 


with 0.6, Figs. 20, and 22, and the upper-limit dotted 


curve for fixed-ended columns with 0.15, Figs. 33. 


The high results for ratios under are again evident, and are 
similar the results for flat-ended columns. 

The tests hinged-ended angles, given Table No. Mr. 
Christie’s paper, are all plotted the diagram, excepting those which 
were not carried the point failure. addition these, the writer 
has also plotted five Mr. Christie’s extra tests some these angle 
bars, given pages 113 and 114 Mr. Christie’s paper. 

*Transactions, Soc. Vol. xiii. 
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These are follows: 
First test. with 2-in. balls and sockets, apparently central, the 


same bar Experiment No. 80, ratio 164, for which the result 


the second test after moving the ends from the original 
position was given Mr. Christie’s Table No. first test, appar- 
ently central, gave ultimate strength 400 lbs. 200 per 
square inch), and the second test, after moving the specimen 0.06 in., 
gave ultimate strength 850 (13 199 per square inch), 
Both these results are the diagram. 

The second and third tests the same bar Experi- 


ment No. 117, ratio 290. The first test (No. 117) this bar was 


with 2-in. balls and sockets per square inch), the second with 
balls and sockets 525 lbs. per square inch), and the third with 
2-in. pins. 790 lbs. per square inch). 


The second test the same bar Experiment No. 118, ratio 


233. the case this bar, the first test result, with ends ap- 
parently central, given Mr. Christie’s the strength 
being 700 lbs. 650 lbs. per square inch), and the second test the 
ends were moved 0.06 in., with the result that the strength was 450 
(13 700 per square inch). 


The first test the same bar Experiment No. 119, ratio 


the case this bar, the second test, after moving the bar 0.07 in., with 


resulting ultimate strength 175 lbs. (15 770 lbs. per square inch), 


that given Mr. Christie’s Table No. 

not clear why Mr. Christie should have selected the second 
tests the case Experiments Nos. and 119, for insertion his 
Table No. which otherwise referred struts under apparently 
central loads. 

Mr. Christie’s extra tests, considerable number, angles, tees, 
tubes, and H-beams, addition the few above mentioned, made 
most apparent that the physical axis did not always coincide with the 
geometric axis, and they also showed very markedly sensitive 
the columns were apparently insignificant amounts adjustment, 
and variations sizes pin socket. 
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Fig. 36.—One hundred and twenty-six tests pin-ended wrought- 
iron columns large size various experimenters. The writer has 
had the advantage referring the original published records 
most the tests, and has therefore been compelled take the 
records second hand from the sources acknowledged the diagram. 

With regard the Detroit Bridge Company’s columns, the results 
have been taken from the paper Theodore Cooper, Am. 

from Professor Lanza’s Applied Mechanics,” and Professor 


The results, many cases, plotted the values given 


Mr. Cooper, would differ considerably from the results plotted 
the diagram. This results from the writer’s having found that the 


values the given Mr. Cooper, not agree with the 

dimensions the columns given Professor Lanza and Professor 

Warren. The writer, accordingly, recalculated the values 


the lengths given Professors Lanza and Warren, and, 
calculating the radius gyration from the detailed sections given 
Plate XXVII Mr. Cooper’s paper, the same time comparing 
carefully the sections given Mr. Cooper with the less fully 
detailed sections given Professors Lanza and Warren. 

would appear that Mr. Cooper has taken the least radius 
gyration every case, but these columns were pin-ended, which 
the radius gyration right angles the pin was frequently greater 
than that parallel the pin, and this greater radius gyration 
which should used, the columns were practically flat-ended 
regards failure the direction the least radius gyration. The 


effect this that Mr. Cooper’s values many cases too 
great, and, consequently, too great strength has been credited these 
high values 


worthy note that few these columns did fail deflect- 
ing direction parallel the pins, and acting flat-ended 
columns, and notas pin-ended. This draws attention the necessity 
for care proportioning pin-ended columns which the radius 


American Railway Bridges,” Transactions, Am. Soc. E., Vol. 
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TESTS WATERTOWN DETROIT BRIDGE COLUMNS MECH. 430-431-433) LATTICED CHANNELS 
UPPER AND LOWER LIMIT FORMULAS. 
25,000 
a 
So 72 = 0.6 FOR LOWER LIMIT CURVE, if f Al OF CENTER FROM 1.53" 
= | | | | RADIUS OF GYRATION, 
| 1 | | | | | 
RATIO 
Fig, 36. 


Papers. 


q 
q 
| 
iS 
j 
3 ‘ 
| 
4 
A 
| 
q 
q 
| 
4 


50,000 
O55 TESTS AT WATERTOWN ARSENAL OF 3 IN. SQUARE BARS) j | | y | | | | | 
(COLD- STRAIGHTENED), MOSTLY ON PINS 144” DIAM. 8 BEING oN | | | | | 
UPPER AND LOWER LIMIT 
= | | 
| | 
35,000 
< 
5 = 48,000 yon ” ” 
AVERAGE COMPRESSIVE LOAD IN do 
oO} | | Q a 
| | | 
& 
15,000 
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180 160 140 120 100 80 60 40 20 0 
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MARSHALL SOLID ROUNDS, SQUARES AND FLATS. (SEE FIGURE 37) TRANS. AM, 50,000 
Z 
FIXED FOR FAILURE COMPRESSION. 40,000 
- 
ROUND ENDS FOR FAILURE COMPRESSION. 35,000 
30,000 
28,000,000 LBS. PER SQUARE INCH, 
48,000 LBS. PER SQUARE INCH, 
Cc. 
0.6 FOR LOWER LIMIT CURVE, 25,000 
0.15 FOR UPPER LIMIT CURVE, 
AVERAGE COMPRESSIVE LOAD LBS. PER SQUARE 
20,000 
15,000 
10,000 
5,000 
500 480 460 440 420 400 360 340 320 300 280 260 240 220 200 180 160 140 120 100 
RATIO 


4 

106 TESTS MR. JAS. CHRISTIE ANGLES, TEES, TUBES, CHANNELS BEAMS (SEE FIGURE 35) TRANS. AM. SOC. 


60,000 
42.000= 
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gyration, parallel the axis the pins, less value than the 
radius perpendicular the pins. 

too great difference the column may weaker flat- 
ended column parallel the pins than pin-ended 
column right angles the pins. 

Four the Detroit Bridge Company’s columns were purposely 
loaded out axis, and these are plotted the diagram with note 


that effect. Two the columns were formed ofa pair 10-in. 
70,000 


Tests Mild-Steel Columns with Pivoted(=Pointed) Ends. 
6 RESULTS = 12 TESTS OF ANGLE BARS 100 m.m, X 100 m.m. x 1920( m.m.)? 
SECTIONAL AREA EACH. 
SECTIONAL AREA EACH, | 
SECTIONAL AREA EACH. 
4 RESULTS = 8 TESTS OF {1 SECTIONS 180 m.m.x 82 mim, x 2946(m.m.)? 
SECTIONAL AREA EACH. 
=2420(m.m.)? TOTAL AREA, 50,000 
=2758(m.m.)? TOTAL AREA.” 
5 RESULTS =10 TESTS OF DOUBLE TEES els EA. 90 x 45_m.m,. x 8 45,000 


55,000 


=2028(m.m.)? TOTAL AREA. 
x 2186 (m.m.)? TOTAL AREA. 
THE STEEL USED HAD TENSILE STRENGTH 
LOWER LIMIT FORMULA. | 
d | 
E = 30,000,000 LBS. PER SQUARE INCH, ee | | | 20,000 
Fe= 64,000 LBS. PER SQUARE INCH, | 
15,000 
AVERAGE COMPRESSIVE LOAD LBS. PER 
SQUARE INCH. 
10,000 
5,000 
RATIO 
39, 


channels connected one side plate, and the other lattic- 
ing. The other two were the same type, but with 8-in. channels. 

The low strengths are worthy careful attention, the results 
were evidently not entirely due these four columns being unsym- 
metrical section, but the pins not being placed the center area, 
since the highest result shown the whole diagram was the same 
type and proportions these four columns, but with pins placed 
the center area. 


| 
| 
> 
360 
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Fig. 37.—This diagram 

Thirty-four tests pin-ended wrought-iron columns Mr. 
Marshall;* and fifty-five tests pin-ended wrought-iron columns 
total eighty-nine tests. reference these will 
made when dealing with Mr. Marshall’s tests pin-ended steel 
columns. 


75,000 


Tests Columns with Flat Ends. 


@24 TESTS ON ANGLE BARS "x 1"x%"t0 34x "(0.12 [TENSILE STRENGTH 63, 400) 
OF BEAMS 3"DEEP, (0. 12 CARBON) |LBS. PER SQUARE INCH, 
ANGLE BARS 1°x'%_"x To 24"x canton) (|TENSILE STRENGTH 66,000 

TRANS. AM. SOC. c. E., VOL. XII. \, | Les. PER SQUARE INCH), , | 
TO NO. 2x14"x Az (TENSILE STRENGTH ABOUT 
60,000 LBS. PER SQUARE INCH). 
TRANS. AM. SOC. C. E., VOL. XV. 
"33 TESTS BY MR, CHRISTIE, 
YA RESULTS =(15 TESTS) BY PROFESSOR TETMAJER ON VARIOUS! 
SECTIONS FROM 645 (m.m.)?TO 2946 (m.m.)2 | | 
THE STEEL USED HAD TENSILE STRENGTH 54,800 TO| | | 
66,800 LBS. PER SQUARE INCH.(TETMAJER’S COMMUNICATIONS), 
O44 TESTS BY MR. MARSHALL ON SOLID ROUNDS, SQUARES, AND 
FLATS, FROM %4” ROUND TO 3"X 2”FLATS, ALL FROM SAME 
BLOW OF BESSEMER STEEL, NOT COLD-STRAIGHTENED. | 
TENSILE STRENGTH FROM 65,460 TO 71,255 LBS, _ 
PER SQUARE INCH. 
"BS RESULTS =(92 TESTS) TOTAL ON DIAGRAM. 


70,000 


£0,000 


55,000 


50,000 


UPPER AND LOWER LIMIT FORMULAS, 45,000 


FIXED 


40,000 
FOR FAILURE _BY COMPRESSION, 


48E 


FLAT ENDS 


POUNDS 


FOR TENSION. | | 


30,000,000 LBS. PER SQUARE INCH, | | 30,000 

FOR LOWER LIMIT CURVE, 

AV. COMP. LOAD IN 4 
LBS. PER SQUARE INCH. 


£0,000 
15,000 


10,000 


5,000 


320 300 280 2€0 240 220 200 180 160 I 140 120 100 80 60 40 20 0 
RATIO = 
40. 


Fig. 38.—This combination the diagrams Figs. 35, 


and 37, and shows the results 321 tests hinged-ended wrought- 
iron columns. 


Transactions, Am. Soc. E., Vol. xvii. 


Replotted from Plate Mr. Marshall’s paper, Transactions, Am. Soc. E., 
xvii. 
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Mild Steel.—Pivoted Ends. 
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Fig. results, representing 104 tests Professor Tetmajer 


Mild Steel Columns various sections.* The remarks made with 


regard Tetmajer’s pivot-ended wrought-iron tests shown Fig. 21, 


apply also these tests mild steel. 


TESTS MR. MARSHALL SQUARE BARS ALL 
FROM THE SAME BLOW BESSEMER STEEL 
(TESTED ‘‘AS FROM 
TENSILE STRENGTH NOMINALLY 70,000 
LBS. PER SQUARE INCH, 
UPPER AND LOWER LIMIT FORMULAS, 

FOR FAILURE COMPRESSION. 


ROUND ENDS 


FOR FAILURE BY COMPRESSION. 


FIXED ENDS 


30,000,000 LBS. PER SQUARE INCH, 


F, = 64,000 LBS. PER SQUARE INCH, 
ce 

7T2=0.6 FOR LOWER LIMIT CURVE, 
c 


Tz = 0.15 FOR UPPER LIMIT CURVE, 


300 280 260 240 220 200 180 160 140 120 100 


41, 


Mild Steel.—Flat Ends. 
Fig. 40.—This diagram represents: 


Twenty-nine tests Mr. four tests Mr. eight 


Tetmajer’s Communications.” 
Transactions, Am. Soc. E., Vol. xiii. 
Transactions, Am. E., Vol. xv. 
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results Professor Tetmajer,* representing fifteen tests; forty-four 
tests Mr. total eighty-five results, ninety-two tests. 


Mild Ends. 


Fig. 41.—Thirty-four tests hinged-ended mild-steel columns 
Mr. Mr. Marshall his paper that his results indi- 
cated clearly the law that: 

The elastic limit the material the chief factor determining 
the resistance struts ordinary length made out wrought iron 
steel, excepting the very hardest kinds, and that the two quantities 
elastic limit compression and ultimate compressive strength are 
identical within very considerable length columns.” 


Mr. Marshall’s conclusions were supported strongly the results 
his experiments, but the number tests made was hardly sufficient 
warrant the acceptance practice conclusions, which, con- 
sistently applied, would allow the same stress upon wrought-iron 
column having length 100 times the radius gyration, for one 
only third that length. 

The tests made other experimenters show considerable fall 
strength with increase length, and their evidence cannot ignored 
practice; and, judging from the results obtained Hodgkinson, 
Christie, and Tetmajer, with pivot-ended columns which the 
influence frictional resistance fixity the column ends was 
eliminated, the range length within which Mr. Marshall’s law would 
apply, very limited. 

will noticed referring the diagrams Figs. and 41, that 
Mr. Marshall’s pin-ended tests exhibited very rapid fall strength 
the longer column, the ratios 110 120 and over. This 
points the probability that columns shorter than, but near, these 
ratios must have been very unstable condition, and were 
assisted greatly the frictional resistance the pin-ends. 

also noted that the pin-ended tests made Mr. Marshall 
wrought iron and steel, were compared him with the compres- 
sive elastic determined from flat-ended and hinged-ended 


specimens in. square ins. long,? having ratio 41.5, 


Tetmajer’s 
Table No. Mr. Marshall’s paper, Transactions, Am. Soc. E., Vol. xvii. 


Table No. Mr. Marshall’s paper, Transactions, Am. E., Vol. xvii. 
Table No. Mr. Marshall’s paper. 


f 
ee 
Why 
q 
ae 
7 q 
q 
q | + 
| 
| q q 
7 
q 


394 MONCRIEFF THE PRACTICAL COLUMN. [Papers. 


column length quite sufficient bring influences which might, 
very considerable extent, affect the results, and all these 12-in. 
bars deflected under their loads. few the longer columns, 
Mr. Marshall showed how exceedingly sensitive they were small 
adjustments the testing machine, and some these are indicated 
Fig. 41. very large increase strength was obtained merely 
moving the specimen small fraction inch out its original 
centering, and the simple application pressure the start 


second test ofa column having ratio 180, order cause failure 


bending the opposite direction that which had first yielded, 
the strength was raised from 420 per square inch. 
This sensitiveness undoubtedly holds, some degree, for shorter 
columns well for longer ones. 

Mr. Marshall’s comparison cannot therefore fairly considered 
referred ‘‘compressive elastic limit” the material, but only 
one between the strength certain columns, 41.5 radii gyration 
long, and others greater length. 

The flat-ended tests steel columns made Mr. Marshall (Fig. 
40) were, however, part compared with short specimens, two sides 
long, from the same bars tested columns, and this comparison 
which lends the greatest strength Mr. Marshall’s conclusions. 

necessary keep view that even short compression 
specimen, eccentricity loading will have more less effect, and 
ordinary test will only give the average stress the material, while 
the important point determined regards column strength 
the maximum elastic fiber stress. 

Mr. Marshall also made comparison between the ultimate strength 
his column and the tensile elastic limit the same bars the 
columns, and the result the comparison most cases showed very 
remarkable agreement. difficult, however, see how any fixed 
equality can exist between the elastic limit tension 
specimen and the compressive strength column. tension 
test, any inaccuracy Joading lack straightness does not tend 
‘increase influence, while compression specimen, even moderate 
length, the reverse the case. 

the curves plotted Fig. will noticed that attempt 
made differentiate between the soft steel Professor Tetmajer’s 
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tests and the somewhat stronger steel used Mr. Marshall, with Mr. 
Christie’s standing intermediate. 

The number tests any the three sets not sufficient war- 
rant any nicety distinction between the materials used each, and 
may remarked that the complete range strength, from Professor 
Tetmajer’s minimum tensile strength 800 per square inch 
Mr. Marshall’s tensile maximum 255 lbs. per square inch, very 
little greater proportion than the range tensile strength found 
Professor Tetmajer’s tensile tests one class wrought iron, which 
the minimum and maximum tensile strengths were respectively 000 
and 000 per square inch. 

The curves Figs. 39, and 41, therefore, have been plotted with 
tensile strength from 000 000 Ibs. per square inch. 


Hard Ends. 

Fig. 42.—This diagram represents: 

Twenty-six tests Mr. Christie,* and four tests Mr. Christie,t 
total thirty tests. may urged with regard this diagram 
that the lower-limit curve for failure incipient tension too low, 
and not justified the experiments. 

This curve not dependent any way the ultimate elastic 
strength the material, but solely the modulus elasticity and 


the value and the latter quantity has been taken the 


same for all the other diagrams. The evidence the more numer- 
ous tests wrought iron strong that does not appear advis- 
able count higher loads than those indicated. 

There reason why hard-steel struts should assumed 
loaded with greater accuracy, having greater immunity from 
injury cold-straightening, being less liable have initial 
bends, than those wrought iron mild steel. 


Timber.—Flat Ends. 
Fig. Yellow Pine Pitch Pine.—The diagram repre- 
sents: 
with flat ends, made Watertown The 


Transactions, Am. Soc. Vol. 
Transactions, Am. Soc. E., Vol. xv. 


Doc. 12, 47th Congress, first session. These have been plotted from the 
figures given Professor Lanza’s Applied pp. 664 668, 5th edition. 
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single sticks only are shown this diagram. The built posts tested 
have been omitted. Three second tests the same sticks are not 
plotted. Sixteen tests Professor Lanza made Watertown for the 
Boston Manufacturers’ Mutual Fire Insurance Company. The flat- 
ended tests only are plotted.* Fourteen tests Kirkaldy, London, 
England, pitch-pine blocks with flat 

Total number tests diagram 99. 

The inclusion Kirkaldy’s tests pitch pine the same diagram 
the Watertown tests and Professor Lanza’s tests yellow pine 
justified comparison the results obtained Kirkaldy and 
Lanza short blocks. The comparison shown Table No. 


TABLE No. 


KIRKALDY. LANZA. 
Round, 9.78 ins. diameter, ins. long. Round, 7.70 10.46 ins. diam- 
Length, 

CoMPRESSIVE STRENGTH, 

pounds per square inch. 

ELASTICITY. 


Ibs. per square inch....... 000 000 Ibs. 


(Minutes Proceedings, Institution (Lanza’s Applied Mechanics,”’ 351.) 
Civil Engineers, Vol. liii, 158.) 


Fig. 44.—Sixty-six tests rectangular flat-ended white pine 
columns, made Watertown The single sticks only are 
plotted the diagram. The built posts tested have been omitted. 

Fig. 45.—This diagram represents: 

Thirty-six tests square flat-ended seasoned French oak columns, 
and thirteen tests square flat-ended Dantzic oak 


Applied pp. 651 and 665, 5th edition. 
From Kirkaldy’s Reports (Kirkaldy’s Life) and Minutes Proceedings, Institution 
Civil Engineers, Vol. liii, 158. 


12, 47th Congress, Session. Plotted from the figures given 
Lanza’s Applied pages 659 662, 5th edition. 


Plotted from the figures given Hurst’s Carpentry,” page 84, 6th 
Edition, 1888. 


Philosophical Transactions, Royal Society, London, 1840. 


— 


| 
| 
i 
| 
| 
| 
7 
| 


399 


5,€00 
| | | | | 
4,800 
4,000 LBS. PER SQUARE INCH, 
0.075 AND 0.15 FOR UPPER LIMITCURVES, 
’ 
LBS. PER SQUARE INCH, 
1,600 
1,200 
800 
\ 


aa 
4 


400 MONCRIEFF THE PRACTICAL COLUMN. [Papers. 


attempting fit the curves these three diagrams tests 
timber columns, the writer has not lost sight the great varia- 
tion known exist the character specimens timber, even 
from the same tree, due number causes and conditions 
which not necessary allude. The tests plotted, however, are 
each case the most important series which the writer aware, 
and they comprise the most reliable data available for the design 
compression members timber. 

There have tests made large-sized timbers, but they 
are too few number use any endeavor determine the 
influence length column strength. Notwithstanding the diffi- 


culties attaching the question, will seen from the diagrams 


that the tests do, considerable measure, exhibit the general char- 
acteristics accompanying the numerous tests the more uniform 
materials previously dealt with. 

These diagrams complete the comparison attempted made 
between the results tests ultimate strength and the 
rational formulas. 

may remarked that reference has been made the diagrams 
less than 620 representing tests, ultimate 
strength columns cast iron, wrought iron, steel, and timber, 
exclusive the references tests deflection. 


APPLICATION THE PRACTICE. 


The opinion has already been expressed the paper that the 
design and proportioning columns carry given loads should 
based the maximum fiber stresses allowable, and the stiffness 
the material, while making reference experimental results order 
ensure having sufficient margin against ultimate failure. 

order put this opinion into practical operation, necessary 
adopt suitable values for the three fundamental factors the 
formulas, viz., and 

will not necessary, the case loaded columns, 
practice deal with the value the allowable tensile stress, since 
tensile stress will not developed under ordinary working loads. 

The value that concerning which our knowledge must 
drawn entirely from the comparisons just made with experimental re- 
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sults, and, although the value can once calculated from the 


section column proposed used, yet appears desirable the 
case centrally loaded columns that one constant value should 


and judging from experimental evidence, 


adopted for the quantity 


the value assigned should not taken less than 0.6, 
the present state our knowledge. 


the case solid cylindrical column, this value corre- 


sponds equivalent eccentricity only 0.3 the radius 
gyration. 

The values given for different materials may properly 
approximately those common use for maximum working fiber 
stresses solid beams under transverse stress. 

With regard the value given must noted that 
every column necessary, not only provide that the maximum 
fiber stress shall confined within proper limits, but also that the 
stability the column, governed the stiffness the material 
which made, shall also have proper and sufficient margin safety 
under the loads imposed. 

The necessity for this once seen reference the calcula- 
tions deflection and resulting maximum fiber stresses long 
column, given pages and 16, and connection with which was 
shown that the column would perfectly safe regards the intensity 
maximum fiber stress under load amounting over 90% the 
ultimate supporting power. 

Now, reference Formula (1), the genera] expression for the 
deflection column: 


A = 8EI—2PP yz (1) 


will seen that the deflection any given column under any given 
load increases directly the eccentricity and further, that had 
such material deal with, need give thought the maximum 
stress developed, and would have the curious result that the ulti- 
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mate load would precisely the same whatever the amount 
eccentricity might be. 

The practical conclusion drawn from the foregoing that the 
eccentricity loading has nothing with the stability insta- 
bility the column, the condition instability defined that 
which occurs when the deflection under load becomes infinite. 

From this see that designing column carry given load 
have two totally independent modes failure guard against: 


(1) Against failure excessive intensity fiber stress. 
(2) Against failure instability. 


the first are dependent strength, and the second 
stiffness. 

will proceed, therefore, perfectly correct rational lines 
proportion our loaded columns practice meet 
these two conditions, which are satisfied using the two formulas: 


where the maximum allowable working intensity fiber stress, 
where suitable fractional coefficient safety, 
2 


Applying these formulas the material which most general 
use constructional work the present day, e., mild steel, and 
adopting suitable values for the various factors, 

000 lbs. per square inch, working dead stress, 


cé 


will have the working loads per square inch solid, cylindrical, 
mild-steel, round-ended columns indicated the curves Fig. 46, 


which for every ratio the conditions are satisfied that the maxi- 


mum fiber stress shall not more than 000 lbs. per square inch, 
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and the working load shall not more than one-third that which 
will cause instability. 


will noticed that, about ratio 88, the two curves inter- 


sect, and this point the factor against ultimate failure, compared 
with experimental results, somewhat less than given either for 
very short very long columns, and however rational the basis upon 
which the results depend, the writer thinks that, like himself, other 
engineers would hesitate adopt heavier loads, relation ultimate 


POUNDS PER SQUARE INCH. 


strength for column radii long, than would considered 
safe for columns only one-quarter the length, four times the 
length. 

Again, may reasonably objected that require the factor 
safety against failure instability long column least 
(assuming this fair value), should follow that would not 
have much smaller value against ultimate strength shown ex- 
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MATERIAL COLUMN. 


Tensile strength, 000 000 Ibs. 
per square 


per square inch. 


per square inch. 


Yellow pine pitch 
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French oak Dantzic 


Papers. 


Tensile strength, 000 000 Ibs. 


Tensile strength, about 100000 


Working formulas for round-ended pivot-ended 
Mod, Elas. 
per square Pounds per square 
000 000 
36 000 = 3.6 units. 3 0.6 oe = 10 480 7.) 


Timber (Unit for and 1000 lbs.) 


200 000 
400 000 


Column (5) unit Ibs, used for for metals, and 000 for timber. 
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This objection may met very easily and simply using only 
Formula (7), with the modification applying the factor safety 
against instability the value that formula, which then 
becomes: 


5 F, + fa 5) 


factor safety. 


will seen that the actual result this formula give the 
ratio corresponding given average load per square inch for 


material which the maximum compressive fiber stress limited 
and for which the value the modulus elasticity taken 
instead the actual value pertaining the material. 
The use the coefficient this manner has inappreciable 
influence the results the formulas when applied short columns, 
while its effect gradually increases with the length, ultimately afford- 
ing factor safety against failure instability, the case 
exceedingly long columns, and the factor safety against ultimate 
strength fairly even between these extremes. 

Table No. gives the resulting formulas reduced the insertion 


For fixed-ended columns the values obtained the formulas 
Table No. doubled, orin words, fora given strength, 
fixed-ended column twice long round-ended pivot-ended 
one. 

For columns, the relation between the strength and the 


ratio the same for fixed-ended columns, the point when 


incipient tension the controlling factor, and then necessary 
use the modified formulas previously described for that condition, 
except that, are now dealing with safe working loads, the 
cient safety must inserted Formula (9), which then 
becomes 
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The results the various reduced formulas for working dead loads 
Table No. for round-ended columns, and the modifications 
above stated for fixed and flat-ended columns, are shown various 
diagrams accompanying the paper, and are also shown Figs. 47, 48, 
and 50, drawn larger vertical scale for convenience use, 
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With regard the curves for working dead-loads fixed-ended 
and flat-ended columns, must remembered that laboratory 
test-room experiment fixed flat-ended column, the condi- 
tions end fixing are totally different from those met ordinary 
practice. The rigidity the testing machine, bearing faces, com- 
pared with the column under test, far greater than afforded 
any end bearing connection practice, and for this reason 
well not count, actual work, upon such high strengths are 
indicated experiment. 

The only modification necessary dealing with live loads 
moving instead the dead loads for which the stresses adopted 
Table No. are suitable, consists obviously reduction the 
writer’s practice adopts the method increasing the moving load 
suitable percentage, dependent the character the load, and 
then treats the result dead-load equivalent. 


UNDER INTENTIONALLY Eccentric 


The experimental data, which reference can made 
columns which the load imposed with large eccentricity 
compared with the size column, are exceedingly few, and far 
the writer aware, are limited the tests Tetmajer (Figs. and 
25); but the theoretical principles upon which the formulas are 
based are those common use and acceptance all cases involving 
transverse bending simply combined with the influence direct 
loading, there can more hesitation applying them columns 
than there any case simple bending. 

making use the formulas practice, is, however, not only 
sufficient take into account the actual measured eccentricity and 


the value fixed the section, but allowance should made 


for the accidental value dealt with the case pre- 
sumably central loading. 
This being the case, will necessary add the value 


0.6, determined for centrally loaded columns, the measured 
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value 


obtained from the intended eccentricity and 


the dimensions and form the sections which fix the value 


this way perfectly rational recognition given the form 
section precisely the same manner the case beams under 


simple flexure, and the formulas for the relation between the ratio 


and the average load per square inch for column carrying 
eccentric load thus become, for safe working loads, 


where the maximum allowable working fiber stress compres- 
sion, 


where the maximum allowable tensile fiber stress (and being 
tensile must accorded the minus sign independently the fixed 
signs the formula, has been pointed out previously). 


These formulas again reduce very simple expressions when the 


following application mild steel, using the same values for the 
various quantities adopted for loaded columns. 

Since the maximum compressive stress actually developed 
column symmetrical section always exceeds the maximum tensile 
stress, will not necessary, the case mild steel, use the 
formula containing the value maximum allowable tensile stress 
this may taken, for this material under working loads, 
having the same value accorded the allowable compressive fiber 
stress. 

the case cast iron will, course, necessary use both 
and adopt whichever gives the lower value the ratio 


for any given load 


ee. 
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The formula, then, for the following values 0.6) inserted 


will for mild-steel columns symmetrical section, carrying dead 


480 
ee l 480 wil 


The working out these values the formula shown the 
curves Fig. 51. 

reference the remarks previously made connection with Fig. 
will show that dealing with columns unsymmetrical section 
may necessary consider the question tensile stress, and 
use the modification the formula suitable such conditions, 


The effect side load addition the end load column 
easily traced the aid the principles and formulas the foregoing 
pages. illustrate this will convenient take direct example. 

Assume mild-steel column with pivot ends, and having the fol- 
lowing particulars: 

100 ins. length, 
ins.* 
2.5 ins., from axis extreme fibers, 
Sectional area sq. ins., 
and assume the side load 4000 lbs., distributed along the 
column’s length. 
This will produce bending moment the center, 


and the resulting maximum fiber stress will 
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The side-loal bending moment diagram will have parabolic out- 
line, shown Fig. 52, the central depth being 50000 inch- 
pounds any convenient 

Treating each half 
the column (or beam) 
cantilever, with respect 
its central section, the 
deflection the center will 


order determine the deflection the column under end loads 


0.1736 in. 


now only necessary treat precisely the same way already 
indicated for column having initial curvature, with the value 
central versed sine, 0.1736 in., keeping view, when considering 
its strength against end loads, that have already absorbed 500 
Ibs. the allowable maximum fiber stress. 

the present case not difficult determine the precise 
theoretic form the curve assumed the bent column under its 
side load alone, this curve depending the disposition the load. 

practical work, however, not necessary this degree 
accuracy, and may assume the curve parabola, without 
involving any serious error, and the justification found the fact 
that had assumed the side load concentrated the center, 
the assumption parabola instead the precise curve taken 
the bent column would only involve excess, regards its influence 
the deflection, little over per cent. compared with the 
produced distributed load, the parabola would have 
much less difference than even that named. 

order make the comparison between the column with side 
load, and one ordinary character with presumably central loading, 
will necessary treat both the same lines far possible, 
and calculating the safe dead load the centrally loaded column, 
have limited the maximum fiber stress 000 lbs. per square 
inch, and have the same time used value 
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and also value 0.6. 


These same values must used the side-loaded columns 
regards the influence the end loads least. 


The value 0.6, the case this column with radius 


0.24 in., and thus have column with initial curvature measured 
0.24 in., and making use Formula (3) (with inserted) deter- 


mine the deflection caused different values the end load, 
have 


have already assumed the curve the bent column, from both 
side and end loads, parabola, and the values and 


values the other factors the formula, have: 


for the elastic this column under any end load 


TABLE No. 
Maximum 
Total 
Bending mo- Direct stress. maximum 
per square inch. |Pounds per 
inch. 
000 0.21 720 680 000 500 180 
000 0.231 640 160 200 500 
000 0.277 880 220 600 500 320 
0.303 240 810 800 500 110 
000 0.33 760 440 009 500 940 
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The bending moment the center the column, from end loads 

and now calculating the deflections, bending moments, and resulting 
maximum fiber stresses caused the end loads, and combining them 
with the maximum fiber stress 500 Ibs. caused the end loads 
alone, have the results given Table No. 

From these results see that with end load ibs. per 
square inch, the maximum fiber stress reaches the limiting value 
000 lbs. per square inch, and, referring Fig. 47, find that 
with the presumably centrally-loaded column, under the same basis 


calculation, the safe load would (for the ratio 100) 


per square inch, other words, the side-load has reduced the safe 
end-load nearly per cent. 

The foregoing calculations will serve illustrate the proper mode 
treating the conditions met with side-loaded columns, although 
they have been applied toa column such proportions would rarely 
trusted carry any appreciable amount side-load other than its 
own weight. 

The values and and the sectional area assumed, are roughly 
those rolled girder section ins. lbs. per foot. 

The formulas were reduced the writer 1896 and 1897, for use 
his own practice, and hopes that the results given this paper 
may found fairly accordance with the leading principles 
set forth the opening sentences being those with which column 
theory and its resulting formulas should comply, least from the 
point view the practicing engineer rather than that the pure 
mathematician. 

The question the proper construction columns ensure 
the full development the strength which may rightfully expected 
from any given section, one which has not been dealt with herein, 
although certainly the greatest importance, view the 
inferior types sometimes adopted present-day practice. 

these inferior types the writer would especially draw attention 
one which appears more common use, and that is, the 
column with batten-plate connections between the main members 


forming the column, substitute for properly constructed web, 
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and reference the illustrations the failure bridge Servia,* 
will give ample evidence the inefficiency the type. 
cannot questioned the case columns carrying eccentric loads, 
having resist shearing stresses from side wind-loads some 
the lofty buildings constructed America. 

The writer conscious that these pages there will found (and 
necessarily so) many points resemblance and identity, both views 
and their expression, with the contributions others, and desires 
acknowledge his indebtedness the numerous writers from whose 
papers has drawn information and assistance. 

While, from strictly mathematical point view, objections may 
possibly raised the reasoning and results this paper, yet 
close comparison made with more highly analytical investigations, 
believed that the differences from the latter will found 
little importance any practical sense. 

The writer was impelled attempt the deduction new formulas 
having design number columns carry heavy loads with 
exceptionally large eccentricity, for which condition could find 
theory formulas sufficiently simple and easy application under 
varied circumstances. 

The concentration such large mass scattered experimental 
evidence will, hoped, sufficient value justify the labor 


involved its collection, examination and arrangement diagram 
form. 


Engineering, February 3d, 1893. 
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RIVER HYDRAULICS. 
Discussion.* 


Am. Soc. (by letter).—It has been gen- 
erally known that there exists large amount valuable information 
the files the several district offices the Mississippi Valley which, 
from lack funds, has never been properly studied and digested 
any competent person. The author has undertaken this task, and has 
presented many facts and important conclusions. 

brings out strongly the important feature that local slope 
importance the formulas for stream flow, because 
unstable well result local changes cross-sec- 
tion; and since the cross-sections themselves are constantly changing, 
the local slope also changes correspondingly, and yet the discharge 
remains constant all along the entire reach. These potent facts show 
how carcful engineer should selecting the upper and lower 
limits the characteristic reach, order ascertain, for the entire 
reach, the true average fall, the true mean characteristic depth, and 
the corresponding constant discharge. That say, must not 
allow himself misled any non-characteristic local slope 
cross-section, their lack stability being itself sufficient evidence 
their secondary character. extreme case, showing the lack 
influence surface-slope, have Donaldsonville actual 


*Continued frem February, See October, 1899, Proceedings, for 
James Seddon, Am. Soc. this subject. Under the rules for 
publication, additional discussion this paper received prior April 27th, 1900, will 
published with the paper the next volume Transactions. 
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reverse-slope extending the river for miles more, and yet the Mr. Conte. 
great quantity water moves down the river with the same discharge 
where the slope down stream. 

The author’s system triple gauges each station certainly the 
most rational device, and, the same time, gives the best and quickest 
results. The amount useful information which can obtained 
means such simple apparatus remarkable. 

The author’s comments levee effects, always lowering the 
low-water plane and thus facilitating flood-water propagations down 
the river, will news river engineers well riparian 
land owners. matter paramount importance reclamation 
works, and should command the closest attention. The whole story 
shown indisputable form study the discharge scales for 
the past ten years. 

The author’s statement the facts pertaining flood movement 
and his mathematical deductions therefrom are certainly interesting 
and valuable. The full value their bearing upon the actual flatten- 
ing out the flood waves and the correspondingly rapid flood-propa- 
gation down the river channel are matters great importance when 
dealing with rivers, and the writer thinks, that least the 
lower divisions, even rivers ordinary size, the influence this flood- 
pulse has been largely underestimated. The author emphasizes the 
fact that the Lower Mississippi the prodigious flood-movement 
cannot explained the direct flow the waters down stream, be- 
cause the flood-wave crest travels down the river four times fast 
the water. This feature, together with the mathematical deductions, 
shows unmistakably that close relation exists between these flood- 
propagation phenomena and the laws governing tidal propagation 
shallow estuaries and tidal rivers; the only difference being that the 
flood-pulse originates the upper river and propagated down 
stream, while the ordinary tidal-pulse originates the ocean and 
propagated stream against the flow the current. 

hoped that the author will continue give informa- 
tion this line and thus enable weed out the weak points 
existing standard formulas' based experiments small scale. 


James Am. Soc. (by letter).—From the limited Mr. Seddon. 

discussion offered, the writer has come question whether really 
has succeeded making the hydraulic system, presented his paper, 
clear thought had. the field river data has cer- 
tainly good deal brush wood, which even the trained investi- 
gator may lose himself utterly for time, and which probably deters 
many from ever entering it, the writer has concluded that can best 
serve the purposes discussion presenting briefly the outline 
his system its application simpler case, and one with which en- 
gineers are more generally familiar. 
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Assuming for this flume, say ft. wide, set some uniform grade, 
which not now necessary consider; and taking 000 ft. 
the reach through which observations are made; automatic 
gauges with zeros the bottom the flume set the upper and 
lower end it; the water run out and the whole thing ready for the 
experiment. 

The flow then would started, very little first, increasing 
steadily until the flume was running full and then gradually 
shut off and the water again drained out it. During this time the 
records the two gauges would the only data required deter- 
mine the discharge the flume any and every level and through all 
these variations slope found its filling and emptying. 

For instance, each automatic gauge would trace the changing level 
common time scale, and should, course, set accurately 


this from the bottom the flume, enlarged necessary, and 


proportioned the time scale mark the coincident time and level 
most distinctly. Then, say, from the trace the rising level each 
gauge, the data Columns (1), (2) and (3) Table are taken. 


TABLE No. 
TIME WHICH LEVEL Discharge 

Upper gauge.|Lower gauge. 
(1) (2) (3) (4) (5) (6) (7) 
0.1 6 00 00 a.m. 8 34 20 a.m 9 260 1.08 5.4 0.5 
0.3 64000 * 85430 ‘ 8 070 1.24 6.2 pe 
0.5 72000 * 91900 * 7140 1.40 7.0 8.0 
1.0 81000 94240 5 560 1.80 9.0 7.0 
1.5 90000 * 101550 * 4550 2.20 11.0 12.0 
2.0 100000 * 110410 * 3 850 2.60 13.0 18.0 
3.0 120000 m. 12 49 00 P.M. 2 940 3.40 17.0 33.0 
4.0 20000 P.m. 23940 * 2 380 4.20 21.0 52.0 
5.0 40000 * 433820 2 000 5.00 25.0 


From this, Columns (4), (5) and (6) are readily computed; and, 
platting these values gives the line shown Fig. 18, 

Then from Equation II, 


and integrating, 


the more general case, where the stage scale and taken 
from zero arbitrary low water, the constant integration, 
simply the regular discharge the river that level, upon which 
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the variations discharge given the flood movement are imposed. Mr. Seddon. 


But here, where taken from the bottom the flume, and the 
values and become zero together, then zero, and the com- 
plete discharge equation from which the values 
given Column (7) are computed, and platted Fig. show the 
discharge curve determined. 

course, merely illustration, and may not correspond 
with any actual case; and, indeed, case actually fixed until the 
grade the flume given, which has not yet been even considered. 
simply presents the process determining, channel given 
dimensions, whole discharge sequence once merely with the 
records two gauges. 

Neither does the writer claim that better measure the dis- 
charge here than the ordinary method observing the velocity 
number points the section and from these computing the flow; 
the alternative running steady flow into basin given size, 
and from the filling the period calculating the discharge. Con- 
sidering the wide range discharge values which the proposed 
method covers single operation, with meters rate ob- 
servers’ errors question, and the whole thing reduced with little 
more work than that single discharge observation, the writer 
had any experiments the flow conduits flumes make, 
would certainly try it. But, until tried, not ready con- 
sider its precision. All this rests upon the precision with which the 
time element involved may determined, and matter yet 
tested. 

But this not untried field the writer’s studies rivers. 
has shown that here favorable cases may determined 
within limits hardly exceeding 1%, and even the Missouri probably 
close per cent. This has been done also simply with the ordinary 
gauge data, and how unsuitable this for such determinations should 
understood. the first place, the gauge observers are local men 
employed other occupations and paid small sum monthly take 
the readings and send them the different offices, and there 
guarantee that they not generally read their gauges earlier later 
than the set time hour so, suits their convenience. Again, 
the water surface frequently quite rough, and even the most careful 
man may make mistake tenth more estimating its level, 
with waves running foot high. And, finally, the gauges themselves 
are often set with nice regard for any real precision their read- 
ings, taking the pulse eddy, the extreme variations slope 
through bridge span, and the case cable gauges, all the tem- 
perature errors incident measuring down from the lower cord 
bridge the water surface with weight the end wire. 

The precision the determination with such data, 
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leaves doubt whatever that surface observations, planned and 
taken with that specially view, would bring this proposed measure 
discharge into field more reliable and exact data than the best 
that has yet been taken, not speak the whole mass collected, 
which now requires years study sift order form some idea 
what reliable it. 

This, however, simply the case where the dimensions the 
channel are given. tidal rivers, for the determination their 
peculiar form discharge curves, with zero both the upper and 
lower levels joined plus and minus branches, probably this process 
would all that was wanted. But other rivers may desirable 
first calculate dimensions; and going back the flume consider 
such case plain that the discharge curve Fig. not the 
for the head the reach nor the foot it, but for some inter- 
mediate average; and that this again changes with the grade the 
flume and different rates filling and emptying. 

The only constant the matter 
with set grade the interme- 
diate value discharge between 
equal rates rise and fall, the 
uniform flow the different levels, 
and this corresponds the 
the rising and falling flood 
movements. the case theg 
flume, very possibly, accurate 
dimensions might determined 
and the coincident flood move- 18. 
ments through it; but the river, where general stage scale for the 
reach also gotten, the process standard curves and mean 
preferable. 

However, the dimensions once determined this way, the form 


the river fixed, any time the equation Wis given, 


and simply measuring then will settle all questions what effects 
the larger slope the rise and the less the fall may have that 
reach. far his own studies with these rivers fixed regimen, 
the writer would say that one reach may show these effects and the 
next may not; and that this depends whether general slope controls 
the flow there special sections. But certainly field that needs 
further observations. 

general way, also, the same may said But 
since the writer 1885 turned given flow down inclined plane 
covered with river sand, and found that came about the same 
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velocity matter what inclination gave it, has given trying Mr. Seddon. 


explain all the phenomena alluvial river flow with velocity-slope 
relations. And, indeed, thinks well here forevery investigator 
first try and see broadly what slope does not explain before puts 
any great amount time into fitting local data thereto. 

Take case from the Arkansas City, 1884-85, discharges illustrating 
with Fig. 19, which scales are ignored for the sake bringing the 
matter out clearly. seen that this change plane, different 
levels the same discharge the first and second periods, comes 
between Helena and Arkansas City and from there continuous 
Vicksburg. the different slopes the rise and fall are taken 
explain from Arkansas City down, must the same time ex- 
plained how this flood with about the same slope differences shows 
such marked change the discharge levels from Cairo Helena. 
And, further, the same connection, while the writer does not draw 
conclusions from the data single sections, may yet noted, 
that Mr. Starling’s coefficients* for this Arkansas City section, with 
these slope differences 
taken into account, show 
even more marked 
difference between the 
two periods than that 
given the discharges. 

The writer calls this 
change plane, and, 
following the flood from 
Cairo down, finds 
any such magnitude that can assign the varying slopes the 
rising and falling river, does not recognize them the cause it. 
does not mean that such effects are not there, but simply that they 
are not this proportion. the only changes slope 
involved the matter. Fig. change the slope the dis- 
charge levels from Helena shown, and has been stated that this 
corresponds roughly with flood out the Arkansas. should also 
noted that such period when the discharge 600 Helena 
may 700 800 Arkansas City; and this change the discharge 
level then but fraction the actual change the surface slopes 
leading down it. Had Mr. Starling, place taking his slopes 
from Arkansas City Greenville, taken them from above the 
mouth White River, where this change really comes in, would 


have found much better ground which base these discharge 
differences. 


The Discharge the Mississippi Transactions, Am. Soc. E., Vol. 
xxxiv, Fig. 20. 
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But why, when change has once come into the river, itseems 
hold for considerable time after the tributary flood has run out, and 
continuous, apparently without change its magnitude, for hun- 
dreds miles down, are matters which the slopes not explain. 
However, answer question what the writer’s system 
corrections is: will have call them, for the present, simply 
mulated experience where and under what conditions such changes 
are likely come in, and their probable magnitudes. does not 
feel that has quite gotten the bottom this phenomenon, and 
not ready say that any single cause, that altogether satisfactory, 
can assigned it. 

Going back, however, the flume for comparison, may seen 
that while the general grade the alluvial river also fixed; 
still the case where any location the bottom, the zero discharge, 
from time time may shifted. Simply shifting the discharge 
curve whole down, the writer has found covers least the 
greater part the phenomena; and this done minute, and 
records definitely the change both its extension time and length 
river, suits his method first collecting facts which build 
his theories. It, course, makes the problems more complicated, 
but has indicated the general methods meeting them, and that 
much can expected new field such thisis. That where 
such changes occur, the slope altered, evident, but the writer 
takes these changes slope effects; the field which slope 
primary cause takes quite different matter. 

that lies the explanation all the general forms types shown 
the different regimens different rivers, and the writer does not 
come the paper presented; has carried the subject fur- 
ther than the case the flume, where the grade was not even consid- 
ered. offers, however, system which these regimens may 
determined, and, indeed, which promises bring rivers into much 
more exact field calculation than that found any other line 
hydraulics; certainly the more precise determination subject 
for further experiment, and the application the equation 
must varied suit the cases. But taking the given regimen the 
Missouri River from Kansas City St. Charles example, per- 
haps something the dynamics, which this, whole, stands 
equilibrium, may best illustrate his view it. 

First, the energy the discharge and fall this reach varies from 
about 750 000 H.-P. low water about 000 000 H.-P. high water. 
This, then, tears down average about cu. yds. 
bank annually, amount which, dumped year after year, 
enough fill this given prism solid some ft. above low water 

the twenty years which the Government has been working it. 
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That has not changed perceptibly, makes the fact very plain that 
has simply been built back again banks and bars other places. 

course, considerable part the observed sediment the 
water lies simply this action, and for the reach from Kansas City 
St. Charles, whole, may said neither come into nor 
out it. But taking this about the proportion the sediment 
that will settle from the water with the least check its velocity, and 
which can hardly have come from distant head waters, leaves the true 
sediment for the year about 130 000 000 cu. yds. carried suspension. 
And certainly the percentage this which may dropped the 
reach additional load the bar building forces. 

But good part this matter carried suspension will not settle 
reservoir after standing hours, while, even whole, but 
little more than the erosion this 333 miles the river, and, for the 
total alluvial stretch the Missouri, minor fraction comparison 
with it. Indeed, the fact the almost uniform grade which this 
river set leaves little doubt that has been long ago leveled 
bring the sediment entering into practically through transporta- 
tion; but, any event, all such cases the probable proportions are 
such, that changes from erosion are shown the 20-year 
periods, about 000 years the least time which material effects 
may looked for from the matter carried suspension. 

course, all this only shows when the long reach river taken 
into view altogether. Ata given location the erosion may small, 
and the bar building large, while the sediment carried through 
suspension great proportion both them that anything 
seems possible from it. Itis not until the engineer gets away 
from actually looking it, and his mind, the hundred miles 
river whole, sees the orbit the planet, that begins 
himself the presence the real dynamics rivers, and can 
fairly value the processes given, which these equilibriums may 
measured, and their variations traced from river river, and from 
season season; matter that first looks hopeless him 


chaining the distance the moon, but which, after all, very easily 
measured when know how. 


Mr. Seddon. 
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April 4th, 1900.—The meeting was called order 8.45 the 
President, John Findley Wallace, the chair; Charles Warren Hunt, 
Secretary, and present, also, members and visitors. 

paper William Landreth, Am. Soc. E., entitled 
Stadia Topographic Surveys: Notes Relating Methods 
and Cost,” was presented the Secretary, who also read discussion 
Emile Low, The subject was discussed orally 
Messrs. John Wallace, Basil Magor, Buck, Henry Goldmark, 
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Ballots were canvassed and the following candidates declared 


Frep St. Augustine, Fla. 
Epwarp Hanson Connor, Leavenworth, Kans. 
New York City. 
Justus Vinton Dart, Providence, 
JERE CHAMBERLAIN Detroit, Mich. 
New York City. 


MEMBERS. 


Warrick Epwarps, Baltimore, Md. 
ARTHUR WILLARD Worcester, Mass. 
Lorenzo Grand Rapids, Mich. 
THEODORE Horton, Boston, Mass. 

CLARENCE Detroit, Mich. 
Kenyon, West Derby, Eng. 
LAMBERT, Boston, Mass. 
Lion, New Orleans, La. 

FREDERICK CLINTON Little Falls, 
Harry Harwoop Washington, 
New York City. 

Harrison New York City. 


Announcement was made that the following candidates were elected 
the Board Direction, April 3d, 1900. 


JUNIORS. 


Ernest Payson Brooklyn, 
New York City. 

Francis Mason, Albany, 

JAMES VINCENT Boone, Iowa. 

FREDERICK STEFFENS, New Haven, Conn. 
CLIFTON St. Marys, Pa. 


Adjourned. 


elected: 
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April 18th, 1900.—The meeting was called order 8.30 
Vice-President Rudolph Hering the chair; acting 
Secretary; and present, also, members and visitors. 

paper George Rafter, Am. Soc. E., entitled the 
Flow Water Over Dams,” was presented the author. Communi- 
cations this subject from Messrs. George Wisner, Charles 
Sherman and Power O’Hanly were presented Mr. McMinn. 
The paper was discussed orally Messrs. Williams, Emil 
Kuichling, Fuertes, Edward North and the author. 

Mr. Baker exhibited and described number photographs 
the Austin dam, recently destroyed flood. 

Announcement was made the death the following Members: 
CoLWELL ALDRICH, elected Member May 7th, 1873; died April 
3d, 1900. elected Member November 6th, 
1889; died April Ist, 1900. 


Adjourned. 


THE BOARD DIRECTION. 


April 3d, 1900.—The Board met 8.30 President Wallace 
the chair; Charles Warren Hunt, Secretary, and present also Messrs. 
Bensel, Hering, Knap, O’Rourke, Ricketts, Schneider, Seaman, 
Turner and Whinery. 

report was received from the Committee Arrangements for the 
Annual Convention. 

Local Committee Arrangements, consisting all persons con- 
nected with the Society residing London, was appointed. 

The Secretary was instructed print the next number Pro- 
copy Senate Bill No. 2330, with such explanation 
regard will enable members take any action concerning 
which seems them advisable. 

Applications were considered and other business 
transacted. 

Seven candidates for Junior were 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


MEETINGS. 


Wednesday, May 2d, 1900, 8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Moncrieff, Am. Soc. E., entitled, The Prac- 
tical Column under Central and Eccentric Loads,” will presented 
for discussion. This paper was printed the March number 
Proceedings. 


Wednesday, May 16th, 1900.—At the suggestion Mansfield 
Merriman, Am. Soc. E., Chairman the American Section 
the International Association for Testing Materials, this evening has 
been set.apart for the informal discussion the following Proposed 
Standard Specifications: Structural Steel for Buildings; Wrought 
Iron; Structural Steel for Ships. Committee No. this 
Association has charge this problem, proposed Zurich Congress, 
1895: Establish International Rules and Specifications for Testing 
and Inspecting Iron and Steel.” 

The American Committee No. has been engaged actively this 
work for the past months, and William Webster, Am. Soe. 
E., its chairman, will place the hands the Secretary copies the 
proposed specifications each these subjects, for distribution 
such our members are interested and will discuss them. The 
Committee desirous securing the views engineers generally, 
order that any necessary modifications may made. 


PROGRESS REPORT THE SPECIAL COMMITTEE THE 
PROPER MANIPULATION TESTS CEMENT. 


Progress Report the Special Committee the Proper Manipu- 
lation Tests Cement was presented informally the chairman 
that committee the Annual Meeting (Proceedings, Vol. xxvi, pp. 
and 43), and has now been forwarded him for publication. 
page 99). 
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ANNUAL CONVENTION. 


The following subjects will presented for informal discussion 
the Annual Convention held London during the first week 
July, 1900. 

Members who are unable attend are invited send written com- 
munications any the subjects for presentation the meeting. 


HEIGHT BUILDINGS. 


(1) What considerations should limit the height buildings 
(2) recent developments construction, sanitation, inter- 


communication and economy administration, warrant 
the removal all restrictions 


RECENT PRACTICE RAILS. 


The progressive increase weight; the increase hardness, 
particularly carbon; the sections most general use; 
the effect changes weight, composition and section. 


FILTRATION WATER FOR PUBLIC USE. 


The several processes now used for the removal objectionable 


their comparative sanitary effect, cost and relia- 
bility. 


INTERNATIONAL CONGRESS NAVIGATION. 


project for holding the ninth session the International Con- 
gress Navigation the United States has been contemplation for 
some time; and, with this object view, two bills have been introduced 
before Congress authorize the President the United States 
extend the Congress hold its next session this 
country. 

These bills are known 2330” and 6262,” and are 
practically identical. The bill before the House Representatives 
has been referred the Committee Foreign Affairs. The Senate 
bill has been read twice and referred the Committee Foreign 
Relations, which committee has reported favorably thereon. 

The Senate bill printed below, bring the attention mem- 
bers the Society who may interested, order that they may take 
such action they may think best. 
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CONGRESS, 
SESSION. 2330. 


THE UNITED STATES. 
JANUARY 11, 1900. 


introduced the following bill; which was read twice and 
referred the Committee Foreign Relations. 


23, 1900. 
Mr. with amendments. 


BILL 


authorize the President the United States invite the Inter- 
national Congress Navigation hold its ninth session Wash- 
ington, District Columbia. 

enacted the Senate and House Representatives the 
United States America Congress assembled, That the President 
the United hereby authorized and directed extend invita- 
tion the International Congress Navigation, its eighth session, 
held Paris, France, July, nineteen hundred, hold its ninth 
congress Washington, District Columbia, United States 
America. 

That the Secretary State shall prepare for the use said 
International Congress Navigation suitable halls and rooms the 
City Washington for the meeting said body. 

That the sum thirty thousand dollars, much 
thereof may necessary, hereby appropriated, out any 
money the Treasury not otherwise appropriated, and available 
required and expended under the direction and the discre- 
tion the President the United States, meet the expenses 
incurred the Government connection with the ninth session the 
Congress 
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PROGRESS REPORT THE SPECIAL COMMITTEE THE 
PROPER MANPIULATION TESTS CEMENT. 


The Committee the Proper Manipulation Tests Cement 
not able this time present final report, and has not been able 
make much progress had hoped, owing numerous circum- 
stances. 

The first thing that the Committee did was prepare and send 
out circular asking the opinion members the Society, and others 
who were supposed interested the subject, with reference 
the questions involved. Replies this have been received 
from persons, who may classified follows: 


Associate Members the 
Other persons, not members the Society........... 


The number these replies did not indicate, the opinion of. the 
Committee, very general interest the subject, and the replies 
themselves differed very. greatly their recommendations that 
appears difficult matter formulate set recommendations 
which will with general approval. The Committee presents 
this time summary these replies, believing that will inter- 
est members the Society. presenting this report, the Com- 
mittee, course, assumes responsibility, and does not express the 
opinion its members, but simply presents summary the replies 
the circular. 

considering the questions the circular and the replies thereto, 
must remembered that the present Committee was not appointed 
formulate tests, but simply formulate the method manipula- 
tion the different tests. Some the questions the circular, 
however, were made broader than the work assigned the Commit- 
tee would appear warrant, because was desired ascertain 
broadly possible the opinion the members the Society the 
questions involved. making its final report, the Committee will, 
course, limit itself strictly its proper functions. the Commit- 
tee continued the Society, hopes that may able find 
time during the coming year perform some experiments its own, 
and the next meeting present definite report its own. 

For the 


New January 1900. Chairman. 


Question 1.—In the works which you have carried out, how much 


have you been willing accept the results obtained with single 
sample 


The majority those replying this question favored testing 
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about one sample from every ten barrels—thirteen persons specifying 
this number. One was favor testing one sample six barrels 
for tension and making chemical test one 100 300 barrels. 
One tests every barrel, doubtful, otherwise every third fourth 
barrel. One says one sample ten for well-known brands, and one 
three five for unknown brands. Two say one for every car load 
for known brands. One says one five barrels first, and the 
product runs uniformly, one barrel ten. The general opinion 
that the reply the question would depend upon the kind and repu- 
tation the cement, although three replies stated definitely that 
does not depend. 

Question 2.— What method you recommend for obtaining sample 
from package? 

There general agreement with reference this question, the 
general practice being use auger sugar trier and take 
sample from the center the package. Several members, however, 
are the habit taking the sample from the outside from differ- 
ent parts the package order get the average quality. 

Question 3.—Do you mix cement taken from several packages obtain 
sample use testing, are the samples from the several packages kept 

There general unanimity the replies this question. The 
great majority those answering being favor keeping the sam- 
ples distinct, only five being favor mixing them. One recom- 
mends keeping them distinct for tensile tests and mixing them for 
chemical tests and tests soundness; while two recommend just the 
reverse. One recommends keeping them distinct for tests the field, 
but mixed when making elaborate series tests matter 
investigation. One recommends keeping them distinct for tests 
fineness, time set, and checking, and these results are uniform, 
mixing the samples for tensile tests with sand, but not for neat tests. 
One simply recommends keeping samples distinct for neat tests and 
mixing them for mortar tests. 

Question 4.— When you consider chemical analysis essential 
desirable 

result the replies this question, the average opinion 
seems that chemical analysis desirable the first examina- 
tion any cement and for purposes control any the physical 
tests are unsatisfactory; that also, course, necessary for the 
manufacturer order control the uniformity his product; that 
not, however, any means essential for the engineer the field, 
except general indication, and except cases where the cement 
used sea water, which case the presence certain 
elements may injurious. 

Professor Henry Carmichael writes follows Carson, 
Am. Chemical tests are service: (a) establishing the 
composition and identity sample which has been selected the 
standard used any particular work, and detecting any 
departure from the standard sample which specified; (b) demon- 
strating the presence hurtful ingredients such magnesia, free 
lime excessive amount and sulphate lime; (c) demonstrating 
the presence mere adulterants such fine sand, ashes, pulverized 
furnace slag, etc; (d) ascertaining the amount carbonic acid and 
moisture present, which indicate what extent the cement has been 

‘air slacked,’ and, under circumstances, whether the materials have 
been properly ignited the manufacture the cement. 
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noted that the chemical composition alone may show the cement 
entirely unsuited for particular use, for instance, that Rosen- 
dale mixture when pure Portland required, and again may 
show that the composition consistent with that good cement; 
but does not prove good cement unless supplemented 
mechanical tests, since the temperature which the cement formed 
and the physical state the cement affect the quality the product 
equally well the composition.” 

Professor Waddell writes follows: consider chem- 
ical analysis cement essential desirable only when trouble being 
experienced with that particular kind cement. Such test more 
useful the manufacturer securing uniform product than 
the engineer detecting any undesirable qualities the cement. 
Good cements differ widely composition that standard based 
upon chemical analyses can established. Neither can such analyses 
used test for soundness, because they not distinguish be- 
tween lime and magnesia when combined give added strength, 
and the same elements when uncombined, which state they prove 
source danger.” 

One member considers that after careful investigation cement, 
all physical tests might dispensed with, and reliance based entirely 
the degree calcination, fineness and the chemical composition, 
but most engineers would hardly agree with this opinion. Classify- 
ing the replies received, three reply all works 
one, every shipment five, ‘‘in general, one, 
where adulteration suspected three, only where trouble experi- 
four, for new cements”; four, for the manu- 

Question 5.— What elements compounds should determined 

number members unite considering magnesia, sulphates 
and adulterations the only substances necessary determine, while 
others add lime, silica, alumina and iron. making practically com- 
plete analysis. certain instances, doubt, may only neces- 
sary determine the lime, magnesia and sulphates, while others 
complete analysis may desirable. 

Professor Henry Carmichael says: Hydraulic cement consists 
double silicate lime and alumina (including iron oxide), which 
readily soluble dilute hydrochloric acid, leaving little insolu- 
ble residue. addition the soluble silica and the oxides cal- 
cium, aluminum and iron, good cement contains traces the oxides 
magnesium. sodium and potassium, together with traces carbon- 
ates, sulphates, chlorides and combined water, and finally minute 
amounts insoluble sand cinder. 

larger amount magnesium oxide than regarded with 
suspicion. More than sulphate lime objectionable 
under ordinary circumstances, since, while facilitates the setting 
the cement, prevents reaching the ultimate strength good 
Portland. Free lime supposed cause the cracking concrete 


after has set. Any considerable amount sodium oxide indi- 


cates the presence silicate soda, which intentionally added for 


hastening the time setting, and some the applications cement 
desirable 


Question 6.—What you consider the best methods determining 
these compounds with sufficient accuracy 


The general consensus opinion those best qualified judge 
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appears that the chemical analysis must done with great ac- 
curacy order any value, very slight variations the 
composition Portland cement may have very decided effect 
upon its quality. not necessary here enter into the methods 
analysis detail, although some the replies so. For com- 
parison, however, quote two these replies: 

Professor Henry Carmichael says: ‘‘The sample ground fine 
agate mortar. One gram carefully weighed out shallow 
porcelain dish and well covered with solution hydrochloric 
acid. After hours the cement should completely dissolve 
this acid with the exception small amount sand, mostly black 
from the fuel employed making the cement. ‘The residue, 
any, filtered off and determined. The clear solution evaporated 
dryness water bath flat dish. Hydrochloric acid poured 
over the dry residue, and acid then evaporated. Add few drops 
same acid, and again drive off acid. Moisten residue again with 
same acid and boil with pure water. The silica rendered insolu- 
ble the above operation and can filtered off and weighed. The 
silica which thus dissolves dilute acid, and turn rendered 
insoluble, the silica which available the setting the cement. 
The filtrate from silica boiled with few drops nitric acid, and 
pure ammonia then added which precipitates the oxides iron and 
aluminum. With the ammonia added also ammonium chloride 
sufficient quantity retain the lime solution. After boiling for 
some time, the oxides iron and aluminum are filtered off and after 
drying are ignited and weighed. After weighing, the two are dis- 
solved ignition with potassium bisulphate and after the solution 
and reduction the iron sulphate metallic the amount iron 
oxide ascertained titration with potassium permanganate. The 
oxide aluminum difference. the filtrate from 
the iron and aluminum oxides added slight excess ammonium 
oxalate whereby the lime precipitated calcium oxalate which 
filtered off, ignited dullred heat platinum crucible and weighed 
carbonate. 

The filtrate from oxalate evaporated dryness, covered with 
glass and strong nitric acid gradually added until the ammonium salts 
are destroyed. The solution containing magnesium and the alkalies 
then evaporated dryness porcelain crucible, moistened with 
water, few drops mercurous nitrate added, water evaporated, 
covered and ignited low redness. The magnesium oxide, which 
now rendered insoluble, filtered off, and, after ignition, weighed. 
The filtrate, after the addition few drops strong hydrochloric 
acid, evaporated dryness and weighed combined chlorides 
the alkalies. The chlorides are weighed and then dissolved small 
amount water. Platinum chloride added solution and some 
alcohol and ether added render the potassium double salt less 
soluble. The latter after some hours filtered off and weighed. The 
potassium computed chloride subtracted from combined chlorides 
gives, the absence sulphates, difference the amount sodium 
chloride. 

Having thus above determined the principal bases present and 
silica, other portions the sample are taken for the determination 
the customary manner the sulphates and chlorides. 

Another weighed portion ignited platinum low red heat 
gives loss the amount combined water present, and after the 
weighing the crucible again ignited intense white heat, 
the further loss that the combined carbonic acid. 
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amplification the above method all other acids and 
bases are readily determined. 

is, course, not necessary that the above course 
shall pursued all cases, and will oftentimes sufficient 
few qualitative tests alone are employed, which may applied accord- 
ing the particular issue involved. 

The question free lime present determine, and itis 
found useful indication titrate the lime present with deci- 
normal hydrochloric acid solution with phenol-phatalein indicator. 
will noted that the lime combined silicate slowly neutral- 
ized, while the free lime once neutralized the dilute acid. 
Quantitatively best determined comparison with the amount 
normally present standard makes 

Humphrey, Assoc. Am. E., writes follows: 
The following scheme for analysis has been adopted the writer. 
One-half gram the finely pulverized sampie, dried 100° C., 
thoroughly mixed with four five times its weight sodium carbon- 
ate, and fused platinum crucible until longer escapes; the 
crucible and its contents placed beaker and twenty thirty 
times its quantity water, and about dilute added; 
when complete solution effected, transferred casserole and 
placed water bath, and evaporated dryness several times. The 
mass taken with dilute and water, heated for short time 
and filtered, washing the residue the filter thoroughly with hot 
water. The filter dried, ignited and weighed. This weight (less 
ash) gives the amount 

The filtrate brought boiling, and ammonia hydrate added 
slight excess, the boiling continued until the odor ammonia 
longer perceptible. Filter and wash. hot dilute 
HCl, again precipitate with ammonia and filter through the previous 
filter and wash with boiling water. The precipitate dried, ignited and 
weighed, less ash, gives the amount Al, and Fe, 

iron determined volumetrically fusing the ignited 
precipitates alumina and iron with de-hydrated potassium sulphate 
the platinum crucible; then dissolved sulphuric acid and 
titrated with potassium permanganate. 

The filtrate from the iron and alumina heated boiling, and 
boiling ammonium oxalate added precipitate longer 
formed. After boiling for few minutes, set aside for short 
time; when the precipitate has settled perfectly, decant the clear liquid 
through filter, wash decantation, dissolve the precipitate hot 
dilute Cl, using small quantity possible effect complete 
solution, heat boiling and add ammonia, heat water bath for 
few minutes; when the solution clears filter through the previous 
filter, wash thoroughly with hot water. Dry the precipitate, ignite 
constant weight, and weigh CaO; determine the lime volumetri- 
cally titration with potassium permanganate. 

thoroughly washed precipitate calcium oxalate dissolved 
hot dilute sulphuric acid and the solution titrated with potassium 
permanganate. 

The filtrate from the calcium oxalate made alkaline with am- 
monia and solution hydro-di-sodium phosphate added; 
the whole set aside cool place for hours; then filtered 
and washed about fifteen times with ammonia water solution 5). 
Dry the precipitate the filter, brush large watch glass, 
burn filter the lid the weighed crucible. When the carbon 
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consumed, transfer the precipitate the crucible and ignite dull 
redness, keeping the crucible covered. the precipitate not per- 
fectly white cooling, moisten with few drops nitric acid, 
evaporate and ignite dryness; weigh magnesium pyrophosphate 
and calculate MgO. 

acid. This determined separate portion. Weigh 
out about five grams and treat the regular analysis, separat- 
ing the silica; the filtrate heated boiling and boiling barium 
chloride added; the boiling continued for ten minutes; when the 
precipitate has subsided, filter. The precipitate thoroughly washed 
hot water, dried, ignited and weighed barium sulphate and cal- 
culated 

acid. This can determined with sufficient accuracy 
means the ordinary extraction apparatus.” 

Questions and 8.—7. Are microscopical tests value, and, so, 
when? What power microscope required, what observations should 
made, and what are the indications 

The general opinion reply Question that microscopic 
analysis general unnecessary, six replies being this effect. 
One writer thinks desirable for the determination adult- 
erants; one thinks sometimes necessary, and one that only 
necessary order determine the cause failure cement 
observing the character the crystals. quote several replies. 

Mr. Richardson writes: consider microscopical tests 
value determining the nature the coarse material which left 
sifting cements, and determining whether the sulphate lime 
which often added Portland cements, thoroughly mixed. 
microscope having and }-in. objective, with suitable 
tion, such the Model” Beck, all that necessary. the 
sulphate lime too coarse balls, will revealed the 
appearance white spots the cement. the coarse material, 
obtained sifting, different nature from that which merely 
well burned but unground clinker will show, may reveal the pres- 
ence overburned clinker admixture some material foreign 
normal Portland 

Professor Henry Carmichael writes: Very little use has yet 
been made the microscope the practical testing cements 
although thought that more use could made particularly the 
examination the hardened cement methods now well understood 
the examination the crypto-crystalline rocks. The hardened 
cement must cut for its examination into sections thin writing 
paper thin enough transparent. Such sections are made 
first grinding and polishing one side thin fragment, which then 
this side cemented Canada balsam toashort strip glass. The 
rough side then ground down and when thin enough polished, after 
which very thin glass cover cemented over with the same 
medium. The mass will found consist round granules and 
crystals. The free lime appears the form hexagonal crystals. 
During the hardening the cement the silica gradually unites with 
the calcium and the aluminum oxides form part delicate needles 
which the toughness the concrete part due. 

The difficulty preparing sections the requisite thinness one 
the the examination cements this method. 
The changes which take place upon addition water may also less 
satisfactorily observed the finely ground cement mixed with 
water under glass cover with cemented edges prevent evapora- 
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tion. The growth the hydrous silicates upon which the setting 
the cement depends can thus directly observed. desired 
examine the dry cement under microscope should mounted 
with oil cloves under thin glass cover render the particles more 
transparent. far the writer aware, the microscope distinctly 
inferior the chemical tests determining the relative value 
cements. 

such investigations microscope will found useful which 
has lenses magnifying about 150, 250 and 600 diameters. One 
diameters also convenient.” 

Mr. Humphrey writes: Microscopical tests are not suf- 
For original research scientific investigations well-equipped 
laboratories, they may furnish considerable information. examin- 
ation thin sections hardened cement, microscope with high 
powers required. For examination the dry powder, hand 
magnifying glass microscope low power should used. The 
dry powder for such examination should freed the fine dust 
passing through No. 200 sieve. The examination the residue 
this sieve often reveals the presence foreign matter (adulteration), 
the character the grains indicates under over burning. The 
suspicious grains can isolated and further examined under the 
microscope, making chemical analysis the grains thus separated.” 

Question 9.— What sizes mesh should used testing fineness 
Portland What for natural cement? 

The answers this question are very variable and can hardly 
summarized. quote, however, few the replies received. 
Professor Johnson says: thoroughly satisfied that 
fineness test sieves adequate. can better, then use 
the finest practicable, which is, think, 120 meshes per linear inch. 
use 150 mesh, finer, takes too long. significunce 
attached results from coarser sieves. the Committee should 
emphasize. Possibly 150-mesh could think the Committee 
should try find practicable washing method testing fineness. 
This matter fineness the most important question for the Committee 
decide, opinion. Itis this alone which determines the money 

Professor Clifford Richardson says: think that all cements 
should sifted upon the sieves ordinarily known the 50, 100 and 
The brass-wire cloth, which use these sieves, should 
be, for the 50-mesh, wire 0.21 mm. diameter; for the 100-mesh, 
wire 0.12 mm. diameter, and for the 200-mesh, wire 0.06 mm. 
diameter. These brass-cloths are known the trade as, for the 
50-mesh, No. 35-6 wire; for the 100-mesh, No. 39-6 wire, and for the 
200-mesh, extra fine brass-wire cloth, 0.0025 in. diameter wire. There 
great difficulty obtaining number sieves which 
will agree the amount material which they will pass from given 
sample, but with the 100 and 200-mesh sieves there may great 
variation between sieves made from the same roll cloth. This 
due, primarily, the fact that, stretching the finer cloth upon the 
frame, very apt pulled out shape and the size some 
meshes increased and others diminished, and the requisite care not 
taken the ordinary manufacturer rectify these defects. have 
last been able obtain, from Howard Morse, 1197-1211 DeKalb 
Avenue, Brooklyn, Y., the finer sieves, which they have made with 
such care quite satisfactory. There are also other defects due 
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the unavoidable defects the weaving fine cloth. These can 
only got rid careful selection the piece used the 
The wire cloth should plain woven and not twilled.” 

great many sieves appear use, varying from 200 
meshes per linear inch. The size wire apparently not generally 
specified known, but standard sieves certain normal mesh are 
used. Several members refer the tediousness using very fine 
sieves, and while they recognize the fact that only the material 
that impalpable powder which has any cementing value, they 
consider that just good results practice may obtained using 
meshes not finer than 100 for Portland and for natural cements. 

10.— What should the diameters sizes the screens 

rom ins. diameter seems the size screen preferred 
most the members, although some specify small ins. and 
others large 15ins. number call attention the use nests 
screens which allow the sifting through all them done 
one operation. 

uestion 11.—How large sample should 

replies this question are quite variable, ranging from oz. 
greater number the replies indicate the use 100 grams, 
about oz., than any other quantity. 

The proper quantity has some relation the fineness the sieve 
used, is, course, tedious attempt sift large quantity 
through very fine sieve. 

Question 12.—Should any machine for shaking used, and so, what 
and what should its manipulation? 

considerable majority those replying this question consider 
that the use machine not necessary, although few these 
consider desirable. Seven writers definitely advise machine, two 
reply that machine that they know satisfactory, while three, 
although they know machine, think machine could made 
satisfactory. 

Captain Abbot makes this suggestion: suggest having the 
sieve rest steel ring with saw-tooth bottom. This ring should 
have guides two sides which allow move vertically but not 
revolve. This steel ring should rest another with steel pins which 
enter the saw-tooth edge the upper ring. The pin ring should 
revolve about its vertical axis slowly.” 

Mr. Humphrey replies follows: The work shaking the 
sample through the sieve best done hand, but this very 
tedious operation, especially where the number samples sieved 
daily large, the writer designed mechanical sifter which use 
this laboratory. operated electric motor. The frame, 
holding four sets sieves, given tilting motion and fro. The 
driving pulley makes 100 revolutions per minute, and the frame 200 
movements and fro. The crank has ins., and the 
rapid motion imparts movement the sifting frame. Four 
samples are passed successively one operation through the No. 100 
and No. 200 sieves; these sieves fit into each other, and top 
cover and bottom pan, the samples being placed the No. 100 sieve 
and passing through this sieve and the No. 200 sieve below it, are 
caught the 


There appears from the replies hand shaking 


not just good machine shaking. machine would, course, 
desirable where large amount testing being done, simply 
labor-saving device. 
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Question 13.—How long should the shaking continued 

answers this question are necessarily somewhat indefinite, 
great majority simply stating that the shaking should continue till 
more cement goes through. The length time depends, 


course, upon the fineness the sieve and the character the 
cement. 


Captain Abbot replies follows: ‘‘The saw ring should 
ins. diameter, and should have 100 teeth. The pin ring should 
revolve ten time minute for ten minutes. This gives the sieve 
000 jars. The saw teeth should about in. deep, that each 
jar should mean vertical drop the sieve about that height.” 

Mr. Humphrey states that the shaking, either hand 
machinery, should continued until not more than one-tenth 
passes through the sieves after five minutes’ continuous shaking. 

Question Should there any difference manipulation for fine 
and coarse screens, for different kinds 
The general reply this question that there difference. 
course, there difference the time required for screening. One 
member suggests using, with fine screens, successive small quantities 
cement. 

Professor Clifford Richardson makes the following remark: The 
manipulation fine screens requires much more care than for the 50- 
mesh, but not know that there any difference between different 
kinds cements. With the fine screen, necessary that should 
jarred against table, something firm, frequently during the 
process sifting, and that stiff bristle varnish brush should 
used from time time break any lumps and clear the cloth 
when becomes caked.” 

Mr. Humphrey replies follows: For any sieve having 
less than 100 meshes per inch, the sample can sieved without 
special preparation. For sieves having greater number meshes 
the sample should thoroughly dried, temperature about 
130° C., before sieving. Otherwise the cement often clogs the meshes, 
thereby rendering the sieving very slow and difficult.” 

Question 15.—Apparent density weight per cubic foot. What 
your opinion the value this test 

Out members replying this question, consider this test 
either valueless importance. Professor Newberry considers 
useful for distinguishing pure Portland cement from mixtures, and 
one two others make the same remark. Several replies add that 
the requirement certain weight per cubic foot direct encour- 
coarse grinding. Three members consider the test valu- 
able properly two consider some value connection 
with the color, fineness specific gravity. 

The general result seems be, the opinion the members, 
that the test little practical value, and while connection with 
other elements may give some indications, yet the variety condi- 
great and the liability divergence the results large 
that practically scarcely worth while make it. Professor 
Clifford Richardson tersely states: think that this test 
value dependent upon too many varying conditions.” 

16.— What apparatus you prefer, and how should 
Used 

Only few members reply this question, since there are but few 
who consider the test any value. Russell, Am. E., 
replies follows: ‘‘Am now trying new method, which hope will 
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prove good. briquette made neat cement and water, just 
for tensile test. After setting air for hours and water for 
days, until the period rapid chemical change past, the briquette 
weighed air and water, determine its volume. then 
dried thoroughly 212° Fahr., get its dry weight. From the 
volume and dry weight get the specific gravity. piece the 
briquette now weighed and then heated platinum crucible until 
thoroughly calcined constant weight. sample the ungauged 
neat cement also weighed and calcined constant weight. The 
difference between the percentage loss the briquette and the un- 
gauged cement shows how much water was taken setting. Cor- 
recting the specific gravity the briquette the amount due the 
water taken the setting, get the weight the original cement 
the briquette. From this can compute what volume 100 
would have made into briquettes. This, opinion, 
what want find out. compare cements, must know which 
will give the greatest volume compact mortar for given weight. 
The operation this test somewhat difficult describe, but 
simple the doing.” 

One two others describe the well-known hopper apparatus. 
well known that considerable care necessary order obtain 
uniform results with this any other apparatus. 

Question 17.—True density specific gravity. your opinion 
the value this test? 

writers replying this question, think this test has very 
little value. One thinks should used with great caution; one thinks 
considers connection with weight per cubic foot, and one 
advises wherever chemical tests are made for the purpose show- 
ing the degree calcination, and six consider valuable. M.J. But- 
ler, Am. Soc. E., considers the only test which can 
determine the proper calcination the clinker, while Hatton, 
Am. Soe. E., finds the results far variance with each other 
that standard could well established. 

Mr. Allison says: opinion this test much value, 
that its indications show whether not the materials have been 
sufficiently burned the kiln. low specific gravity would show 
either underburning adulteration.” 

Professor Clifford Richardson replies follows: The value this 
test considerable examining new brands cement. have, how- 
ever, never met high-grade Portland cement that would not show satis- 
factory specific gravity. With natural cements very different densi- 
ties will found for the different brands. All things being equal the 
cement the highest specific gravity the most desirable. have 
shown, some recent papers mine The Brickbuilder, that the 
densest natural cement this country the 

Undoubtedly, the determination the specific gravity should 
all well-equipped laboratories, but the replies indicate that its 
results will not much practical value and the tests will generally 
out the reach ordinary practice. 

Question 18.— What apparatus you prefer, and what the method 
manipulation 

Several members describe more less detail the apparatus used 
for this test. Mr. Butler describes ordinary specific gravity 
bottle which the habit using, weighing first full water 
and again when filled with water which added 100 grains 
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cement. Allison describes volumometer which used with 
turpentine. Mr. Molitor describes Schumann’s apparatus, also 
using turpentine, and Mr. Humphrey describes Chatelier’s 
apparatus which used with benzine. Professor Richardson 
says: always obtain the density cement picnometer 
chemical balance with freshly distilled kerosene known specific 
gravity. The ordinary method determining the gravity 
cements displacement have found very unsatisfactory account 
the difficulty regulating temperatures and excluding air 

Question 19.—What kind sand should used tests mortars 
Would you recommend natural sand crushed quartz 

writers replying this question, prefer crushed quartz 
and while two not use sand tests. quote several 
the replies this question: 

Professor Clifford Richardson says: The kind sand used 
making tests with cements will depend upon whether absolute 
and standard test made the cement, merely relative tests 
with others made the same way the same laboratory, whether 
the tests are made rather the mortar used than the 
itself alone. the former case, should reeommend crushed 
quartz size agreed upon, and not favor the natural 
sand such used Germany. For ordinary comparative tests, 
however, natural sand entirely satisfactory where uniform supply 
ticles. many cases, have found value test the cement 
with the sand used upon the particular work which the cement 
employed.” 

Captain Abbot says: ‘‘Crushed quartz should adhered 
to. This has been the standard long that change would make 
past experiments which are now print and available the whole 
profession valueless comparison with future results. have per- 
sonally used screenings from crushed granite, this was always con- 
veniently 

Snow, Am. Soc. E., says: ‘‘We have never made 
practice making tests with sand. The strength small that the 
accidents testing are likely cause great eccentricity the indi- 
vidual tests and the time needed get proper results precludes its 
use practical construction work. Complete laboratory tests for 
scientific purpose demand tests with sand, but the regularity manu- 
facture any given brand can ascertained testing neat 
samples.” 

Mr. Humphrey says: ‘‘It preferable have crushed 
quartz assorted sizes. Owing the difficulty obtaining such 
sand, best adopt standard sand composed grains which 
pass sieve having 400 meshes per square inch and which are retained 
sieve having 900 meshes per square inch. Crushed quartz makes 
admirable sand for this purpose, and gives the best results; but 
expensive and not always available, the writer believes would 
better sieve the local river bank sand standard size. 
The present American Society Standard sand satisfactory.” 

Several the members are the habit using for tests the same 
sand that used the work, but such practice is, course, 
not possible for standard tests. standard uniform sand were 
easily accessible all engineers, would probably preferred. 
This condition things exists Germany, where standard sand 
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prescribed. The impossibility fulfilling this condition this 
country probably the reason why the majority members prefer 
adhere the crushed quartz previously recommended the 
Society. 

Question 20.— What fineness should specified, and what degree 
variation size grain should allowed 

writers replying this question, prefer adhere the 
present standard the Society—that is, that the sand shall pass No. 
sieve and caught No. 30. The others give varying replies. One 
considers that there should finer particles the sand, and recom- 
mends that about 70% consist the standard sand while the remain- 
ing 30% will pass the No. and will caught the No. 50. 

Question 21.—Should the same method preparation used for each 

Twenty-four replies advocate the same method preparation for 
each test; three reply simply two, that, tests for soundness, 
there should greater proportion water than tensile tests; one, 
that tests for setting and soundness, there should less water than 
for tensile tests; and one replies that open question. 
quote one the replies, that Professor Clifford Richardson: 

certainly open question whether the method prepara- 
tion the paste mortar for determining the time setting should 
the same that for the tests for soundness and strength. have 
been the habit preparing them the same way, but the 
German rules provide essentially different paste for determining the 
setting from that the mortar for making test pieces for strength, 
there excellent authority for domg. The time setting 
dependent upon the consistency the mortar that seems 
easier prepare dry mortar uniformly than moist paste, and conse- 
quently prefer this method.”’ 

With reference this, note that the principal difference the 
German method that for tests set and soundness, neat cement 
used, and for tests strength, cement and sand. 

ighteen replies are that proportions should stated weight, 
five that they should stated volume. Three advocate stating 
the proportion sand cement volume, and the percentage 
water weight. One advocates stating proportions weight for 
Portland cement and volume for natural; and one writes that the 
proportion should stated volume, but mixtures made 
weight. 

Question 23.— What should the consistency the pastes and mortars 
the various tests, and how may this consistency specified and deter- 
mined order that similar results may obtained all operators 

The replies this question, which very important one, are 
quite diverse, and desirable quote from number them. 
may stated, however, that replies indicate preference for the 
use practically small amount water possible the 
preparation the paste, while four express preference for the 
German Standard, one these replies, however, coming from German 
manufacturer. 

Mr. Hatton says: have during the past three years estab- 
lished the following standard for consistency, matter what cement 
atime. For Portland cement. Quantities being taken ounces, the 
proportions cement, sand and water are follows: 10, 14; 
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trouble trying have assistants exercise their judgment for 
securing proper consistency without securing reliable results. 
establishing this standard, have had cause change it.” 
Professor Clifford Richardson, whose reply typical several 
others, replies follows: ‘‘In regard proportions water for the 
making briquettes for tests for soundness and strength, should 
say that little should used experience shows will bring the 
resulting mortar into plastic condition when rammed into the mould 
and allow moist appearance upon the surface the briquettes. 
The ordinary suggestion that the mortar prepared shall have the 
usual appearance moist loam seems describe the condition 
better than any other. There are, however, certain conditions con- 
nected with the making dry mortar from the different cements 
which can only learned, not described satisfactorily. Some cements 
require much longer working with amount water, than 
others, and first seem much too dry when the proper amount 
used, but with continued kneading with point will 
reached when the paste mortar seems ripen and ready for the 
mould. should say that experience alone would the only means 
which will teach novice how make proper mortar. know 
device for determining when the proper consistency has been obtained. 
This point must decided the eye and the feeling the mortar 
under the spatula trowel. The manipulation any cement into 
sand mortar must judged very largely from the way acts the 
neat mortar. and cement will, course, require different 
munipulation from one that 

Captain Abbot says: only fair test cement the 
greatest strength can made attain. Experience shows that 
requires different consistency for almost all brands. The right 
proportion for each brand should ascertained careful experiment 
the start, and then this proportion should always used for this 
brand subsequent tests.” 

Lesley, Assoc. Am. Soc. E., says: mind, ab- 
solute specification can made which the consistency may abso- 
lutely specified and determined, and which similar results may 
obtained all operators. long the personal equation exists, 
either the manipulation the mechanical mixing apparatus, 
the mixing briquettes hand, variations will constantly occur, due 
this personal 

water should used make the mass plastic after mixing 
thorough that air bubbles The required may 
defined one resulting mass that will stand alone when shaped 
with trowel and yet will spread slightly when the mixing slab 
rapped with the 

Snow, Am. E., replies: ‘‘If mixed quite dry, ap- 
parent effervescence occurs when the briquette placed the water. 
Sometimes this active that the sampies partially crumble and are 
lost. Ifmixed quite wet, the retarded and hours hardly 
long enough get regular results. Again, the strength small that 
the accidents manipulation have too great value the results, 
noted referring sand tests. aim secure consistency 


Since 


that will cause dangerous and that will admit 
tamping into the mould without much jelly-like quaking. very 
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stiff paste; much too dry use comfortably mortar. For mixing 
pats for tests soundness and time setting, the paste made 
wholly the operator’s judgment fix upon the correct consistency. 
Slight variations are but little account tests for soundness, but 
they must carefully guarded against making tests for tensile 
strength. These variations are quickly perceived when ramming the 
cement into the mould. few trials will enable the operator fix 
upon the right amount water for strange brand cement and the 
slight variations that will unavoidably occur when working with 
known brand had best noted ‘damp,’ ‘dry,’ along with 
their number the time the briquettes are made.” 

Mr. Humphrey replies: writer believes that the proper 
consistency for neat cement should besuch that the paste when moulded 
into ball and allowed fall from height about ft., should not 
flatten perceptibly crack. Such consistency depends upon the 
length time the paste worked. The greatest uniformity ob- 
tained working slow-setting cements about five minutes and quick- 
setting cements about two minutes. The writer has used, with 
excellent results, the normal-consistency apparatus illustrated the 
accompanying pamphlet, for the determination the percentage 
water used (Vicat needle apparatus). 

All the foregoing replies indicate the preference stiff paste. 
Several members, however, disagree with this suggestion. Thus, Mr. 
Allison replies follows: opinion, the greatest 
uniformity results could secured using pastes such 
consistency that the moulds could filled without using any 
compression. Ihave found that satisfactory results could obtained 
having the paste plastic enough flow all parts the mould 
under the action the point trowel moved edgewise (the trowel 
held vertically). The consistency such paste may measured 
its resistance the penetration solid cylinder; and the 
consistency which cement mixed for testing may speci- 
give paste into which solid cylinder, prescribed weight and 
section, shall penetrate specified depth, the paste contained 
mould greater depth than the specified penetration. have used 
cylinder mm. diameter, weighted 300 grams, used paste 
filling mould mm. diameter and mm. deep. penetra- 
tion mm. was the standard. This was determined the first 
place mixing pastes satisfactory consistency and noting the 
penetration. have not tried any other sizes weights cylinder 
depth mould.” 

Professor Smith writes follows: Use 20% water with 
obtaining soft mortars easily moulded and giving low tests. The 
results are uniform, easily duplicated, and accord with condition 
mason’s mortar. believe the French methods lean this idea. 
standard for the Canadian Society Civil Engineers, and myself, 
believe fully.” 

Mr. Fogg writes follows: practice has been add 
just enough water make the mixture plastic when well mixed 
and worked. Then ramit into the mould. use about 18% 
water neat Portlands and 26% neat Rosendales. not favor 
this degree consistency. The reason why adopted was 
because wanted the cements used work tested high any 
the market, and ramming practiced great many testers. The 
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less water that used and the harder the paste rammed into the 
moulds, the higher the test. This practice isa bad one, because 
renders worthless the tables which are printed giving comparative 
tests different cements. Each cement dealer has his own compara- 
tive list. 

are going have uniform standard, see advan- 
tage ramming all. think asource trouble and disadvan- 
tage the operator and variable factor the process testing. 
The only benefit that comes from the practice goes the cement 
dealer. takes time, more less expensive (if done machine), 
and complicates the operations. should eliminated. Iam 
the present opinion that the paste should mixed thin, need 
Say about the same consistency used practice 
—for Portland mortar, about water. cannot see any 
objections this practice, and besides getting rid ramming, 
would get about the same results which practice the works. 
not know any machine device that will determine the consist- 
ency cement paste, nor see any need one, because all are 
aiming for uniform consistency. the most convenient way 
for theCommittee specify the percentage water used 
etc. This would simplify the personal equation.” 

Question What should the temperature the materials used 
mixing 

The replies this question indicate preference for temperature 
from 80° Fahr.; number think the precise temperature 
little importance. Probably the average the results would indicate 
preference for temperature about 70° Fahr., when the precise 
temperature can controlled. 

uestion 25.— What should the temperature the air mixing 
replies this question are practically the same those 
Question 24, and indicate about the same result. 

Question 26.—How should the quantity water used mixing 
defined 

The majority the replies this question are the effect that 
the quantity should defined stating the percentage the weight 
cement. course this percentage depends upon the character 
the cement. Several the replies indicate that the quantity should 
defined simply with reference the consistency the mortar; 
thus quote the reply Professor Clifford Richardson: The quan- 
tity water used mixing can only defined amount 
suitable for making the dryest mortar which shall show water upon 
the surface when mould, and which, the 
shall sufficient develop the best features the cement, 
its appearance when mixed the form neat mortar.” 

Questions 27, 28, and 30.—27. What should the method 
mixing 28. you prefer hand machine 29. the 
what machine you prefer, what form would you suggest for trial? 30. 
you know any machine that has given good results? so, what 
the method manipulation, and what are its advantages defects 

The greater number those who reply have only used hand 
mixing, they have used other methods, prefer hand mixing. 
Several. however, those whose experience has been confined 
hand mixing are the opinion that machine mixing would better, 
and that ought give more uniform results, but they not know 
any satisfactory machine. The machines mentioned those who 
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prefer machine mixing are those Schmelzer, Faija, Tetmajer and the 
used the St. Louis Water-Works. With reference 
methods mixing, there is, apparently, not great difference 
opinion. The general repiy this question that the material 
should mixed dry, then the water added and then all worked into 
paste. The majority the members who mentioned this point advo- 
cate adding the water once, but two especially mention the fact that 
they add little little. One adds all once for tension tests, 
and little little for making pats. Most fhe members specify the 
use trowel, although some prefer kneading with the hands, and 
one uses iron spoon. quote few extracts which may 
interest. 

Professor Clifford Richardson writes follows: have found 
method mixing compare with that done hand, the latter 
permits some judgment the handling the mortar and the 
amount water which must used. have found that the best 
method manipulation hand with large steel spatula, the 
blade which ins. long and ins. broad. This much more 
satisfactory than trowel. amount cement taken for the 
formation test pieces, the requisite water added, far pos- 
sible, all once, and cement and water worked back and forth under 
the spatula and thoroughly mixed until peculiar appearance shows 
that the water and cement are combined, and what appears 
certain chemical combination between portion the water and the 
cement hastaken place. case slow-setting Portland cement 
this would require about five minutes, but with quick-setting cement, 
the time would less. After extended experience making 
mortars for tests, and instructing novices the matter, have come 
the conclusion that nothing but practice and watching those skilled 
the preparation mortar will enable novice acquire the neces- 
sary skillin doing. Ido not think that any written instructions 
can prove more than rough guide this respect. Perhaps, for the 
novice, machine mixing may preferable the crude attempts that 

Mr. Gowen writes: prefer hand work. After the trowel 
work and kneading work noted above done, the mass pressed, 
not rammed, into the mould, which then smoothed with the trowel; 
then immediately turned over, when the bottom under side 
turn filled and smoothed.” 

With reference machines, Captain Abbot writes follows: 
cubical box mixer size properly mix three 
briquettes once. perfectly water-tight door must provided for 
the box, and this door should constitute one entire side the box. 
The shaft should continued all the way through the box, this 
assists much the complete admixture the contents. have not 
used the above machine, but have heard that has proved 
convenient and efficient. should revolved power, and the 
same number revolutions should given each 

Mr. Allison writes follows: Have used only Faija’s, but 
found satisfactory. This machine gives thorough mixing and 
permits the paste, etc., being quickly removed and all parts being 
easily cleaned. bearing the shaft carrying the mixing blades 
wears 

Mr. Molitor writes follows: ‘‘I would suggest revolving 
cylindrical drum fixed axle provided with paddles thorn-like 
projections very simple and serviceable apparatus. The ingre- 
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dients could placed the drum, the opening drum closed, the 
degree mixing could conducted uniformly revolving the drum 
certain number revolutions nearly constant rate. Perhaps 
the axle could rotated reverse direction from drum.” 

Mr. Humphrey, who uses hand mixing, nevertheless makes 
the following recommendation: writer recommends, mechan- 
ical mixer, cubical box revolving high speed trunnions 
located the axis passing through two opposite corners. not 
know machine that has yielded results that are entirely satisfac- 
tory that are reliable those obtained hand mixing.” 

Question 31.—How long should the mixing continued? Should this 
defined stating the length time, reference the character the 
resulting mortar 

The majority the replies are favor determining the length 
time mixing reference the character the mortar. This 
course, depend upon the amount mortar that made one 

Questions 32, and What you consider the best method 
determining the time setting 33. How shall the beginning the set 
defined? 34. How shail the end the set defined 

The majority the replies these questions are favor the 
use the standard needle specified the report the previous 
committee this Society. Five replies, however, indicate preference 
for the German method. Toltz, Assoc. Am. Soc. writes: 
have failed discover method defining the beginning and 
ending the set. Have used neat cement pats pieces glass and 
timed the setting pulling string through the pats.” 

Captain Abbot writes: inclined try the method 
MacHarg.* found all the needle tests very unsatisfac- 
tory actual use, demanding extreme care the part the cement 
tester, and being greatly affected his personal 

Question 35.—Should this test made neat cement paste, 
mortars, and the latter, what proportions cement and sand should 
used 

great majority prefer that the tests should made with neat 
cement paste, while advocate the use both with neat cement and 
with mortars. Mr. Lesley writes follows: ‘‘Should gov- 
erned the conditions under which the test the 
merely determine the time the setting given cement, its 
results sand mortar being already ascertained, the neat pats should 
tested; but the problem determine whether new cement 
can safely manipulated sufficient time allow brought 
the place use the work, then mixtures sand and cement, 
proportions which the mortar used the work, should 

Questions and 37.—36. What should the consistency the mor- 
What should the temperature materials and air, quantity 
water, and method mixing 


The replies those questions are practically the same the 
replies Questions and 24. 


Question 38.— What should the method making the pats, filling 
the moulds, they are used? 

The replies this question are general similar those with ref- 
erence making briquettes, and need not specially referred to, 
they are sufficiently covered the replies Question 48. 


Engineering News, Vol. xxxvii, 10. 
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general reply this question that the briquettes pats 
should kept under damp cloth saturated. num- 
ber the replies, however, simply state that they should kept 
air. Two the replies, which state that they should kept 
air, add that they should placed water the cement used 
under water. Mr. Butler writes: very excellent plan 
use iron pan inverted over pat—on the bottom the pan, inside, 
fasten couple sheets felt, thoroughly dampened. The set then 
takes place moist atmosphere.” 

Professor Clifford Richardson writes: the setting determined 
from the briquette preserved the moist chamber, the time setting 
may, some cases, very much delayed. therefore, think that 
the determination setting should made test pieces exposed 
the air, and that the temperature should noted, this will seri- 
ously affect the rate setting all cements.” 

Question 40. What should the temperature the water which pats 
are placed 

Most the replies indicate that the pats should not placed 
water all. placed there, however, the temperature should gener- 
ally from 70° Fahr. 

Question 41.— What you consider the best test for soundness the 
Portland What the case natural cement 

Eleven replies indicate preference for the present standard test 
the American Society Civil Engineers. few the replies, how- 
ever, indicate preference for the steam hot water tests. quote 
few the replies which may considered typical and interest. 
Professor Clifford Richardson writes: For Portland cement, placing 
thin pat cement upon glass plate water ordinary temperature 
for considerable length time. The process which have used 
that ordinarily described, and the one which requires elaborate 
apparatus. The same test satisfactory for natural cements. Where 
time element considered, some the accelerated tests 
have found value and have subjected pats made upon glass, 
and ordinary briquettes, the action water 160° Fahr., 
the action live steam for eight hours each case, well the 
exposure the test pieces, after they have attained hard set, the 
temperature 212° Fahr., dry oven. say that the first 
and last tests, representing mild and severe form the accelerated 
tests, could carried out without difficulty any ordinary cement 
laboratory. None but very inferior brands Portland cement will 
fail when pats briquettes are placed cold water, raised tem- 
perature 160° Fahr., and maintained this temperature for eight 
hours. The steam tests will cause few very satisfactory brands 
Portland cement check slightly. The dry oven, kiln test, 
called, lies, severity, probably between thetwo. both, but 
should not condemn cement passed the 160° test satisfactorily 
but showed slight cracks steaming. would recommend that the 
mildest form test alone specified any uniform system tests 
which may agreed upon, although the others may prove instructive 
certain cases.” 

Mr. Gowen writes: either, the simplest and most practi- 
cal test means thin pats made with thin, sharp edge zinc 
plates. These, after hours air, should placed water for 

The bottle tests with grout can also used. These samples 


should watched for checks and cracks. useful but not altogether 
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equal parts cement and water. The rise temperature, whether 
immediate occurring more slowly setting takes place, may indicate 
greenness lack seasoning. Care should taken have the 
cement and water uniform temperature, place the apparatus out 
draughts place where the temperature nearly possible 
uniform and preferably not above degrees. used for this 
experiment should glass earthenware with moderately thick 
sides. More elaborate tests than the above had better referred 
analytic laboratory.” 

Mr, Lesley writes: others show any degree uniformity 
regularity, whereas the tests now existence have borne the stress 
time, and have produced results which have made Portland cement 
well known, the world over. this kind, where aspecifica- 
tion made governing well-equipped testing laboratories, well 
the ordinary laboratories important pieces engineering work 
all over the country, would very dangerous thing, judg- 
ment, attempt lay out any line accelerated tests, pending the 
recent conclusion the German Society maintain the present stand- 
ards, and pending the report their committee upon this subject, 
and especially view various Government engineers abandoning 
these accelerated tests.” 

Mr. Snow writes: consider the qualities generally covered 
the term ‘soundness’ fully important the absolute tensile 
strength. For natural cements, our general practice make small 
pats, glass plates, neat cement mixed the consistency putty; 
work thoroughly with the trowel and work the edges the pat 
that they shall vertical slightly overhanging, and, soon 
made up, place them carefully water. These pats will from 
thick, and they not crumble down the edges, 
taken sign reliability. Another way work small pat 
glass with the fingers, leaving sort pyramid with very sharp 
thin edges standing about high. This carefully placed water 
soon formed, and, unless the very best cement, the edges 
will crumble. 

pat crumbles somewhat the edges and the debris sets 
that will hang together and not wash off, considered favor- 
able indication. 

These tests are rather severe. pat crumbles the edges and 
the débris remains mostly friable, while the central part hardens 
good shape and shows signs cracking after week’s immersion, 
the cement may used with confidence its soundness. Some 
cements will appear stand well for day two and then crack 
and disintegrate. This action, pronounced, would lead rejection 
the material. 

little can learned from the action natural cement pats 
hardened the air. bluish color taken good indication, but 
mottled appearance, and decided hole yellowish color forms 
the pat, the material looked upon with suspicion. 

tests, combined with those for fineness, made ex- 
perienced person, will indicate good and poor material surely tests 
for strength. 

has been experience that Portland cement does not show its 
good and bad qualities readily natural cement when tested 
pats. Good Portland cement will quite frequently crumble down when 
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put into the water soon mixed, and allowed partially set 
air before immersion would very poor article indeed that would 
not show all right. The crumbled débris pat will set quite 

hard and firm the cement good, much harder than the case 
natural cements. The color pat set wholly the air and sunlight 

more valuable guide, think, Portland than natural cements. 

The boiling test, so-called, useful ascertaining Portland cement 
has excess lime, although has not been used much us.” 

Mr. Humphrey writes: Numerous tests have been devised 
for determining the soundness cement, more properly, its con- 
stancy volume, without yet resulting test that thoroughly 
reliable. Probably the German requirement that cement, after hard 
set, immersed water maintained anormal temperature, shall show 
signs swelling, checking disintegration, the most reliable, 
both for natural and Portland cements. cement, however, unless 
very bad quality, rarely fails meet this requirement short periods 
quick test for the determination the soundness 
cement, therefore practical value. Regarding the accelerated 
tests for determining constancy volume Portland cement, the 
writer’s opinion, based numerous tests, that the best method the 
‘hot this test the cement made into pats ins. 
diameter, in. thick the center, with thin edges; these pats are 
preserved moist air for hours and then placed water maintained 
constant temperature 175° Fahr. These pats should show 
signs swelling, checking disintegrating, and rule should 
adhere firmly the glass which they are made. The apparatus 
used the writer for the hot water test described pages 12-13-14 
the accompanying pamphlet; too elaborate for any except well- 
equipped laboratory. The hot water test can made very readily 
any vessel which water can boiled, although the results the 
tests made boiling water are not rule reliable those made 
water maintained constant temperature about 175° Fahr. 
thoroughly normal Portland cement will meet this test. For natural 
cement, this test too severe, and only the best grades will stand it. 
Pats made from natural cement and preserved water normal tem- 
perature, and air, afford more reliable results. determination 
the soundness cement, the writer preserves pats neat cement, 
both natural and Portland, normal consistency steam soon 
made, air, water normal temperature, and hot water, the 
end hours moist air. Pats preserved air furnish consider- 
able information. good normal cement should have uniform color, 
should remain firm and hard, and show signs swelling check- 
ing. Like the cold water test requires time and not therefore 
adaptable for quick tests.” 

Question 42.— What proportions cement and sand should used 
mortar for tests tensile strength 

The general opinion reply this question favor the use 
the proportion for Portland, and for natural cements. 
number members mention other proportions, number are 
favor making only neat tests. quote the reply Mr. 
Allison interesting connection with the last-mentioned opinion: 
belief that tests with sand, forming part the acceptance 
tests, are not only unnecessary, but undesirable. The object tests 
secure cement good quality state most suitable for making 
mortar. The tests for specific gravity, soundness, tensile strength, 
etc., show the quality; and the testing means fine sieves for fine- 
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ness grinding, shows its suitability for making mortar. have 
never known good cement, finely ground, fail give high test 
with sand, while the other hand, have known poor cements, when 
finely ground, give high mortar test. undesirable feature 
the test that introduces dual standard strength. the ten- 
sile strength cement should fall below the specifications—while the 
sand test passed—a contractor would have (under certain conditions) 
chance force the acceptance weak cement. this test 
included acceptance tests, the specifications should, opinion, 
distinctly state that the results obtained from would not taken 
giving any information the strength the cement; but would 
considered only bearing the question the fineness grinding. 
was one time opinion that tensile tests should made 
mortar briquettes only; but close acquaintance with the differences 
results caused slight differences mixing and filling, 
abandon that opinion. Information much value may obtained 
from mortar tests made for the purpose determining the relative 
value different sands, and for finding out the extent which the 
sand used may the cement for the different classes 
work. For this purpose the mixing should approximate the actual 
conditions the work, and the mortar should thin enough flow 
the mould under the influence the point trowel moved edge- 
wise. compression whatever should used filling.” 

Question 43.—Do you advocate adhering the Am. Soc. form 
briquetie future requirements? not, what form you 

large majority those replying this question are favor 
adhering the present form briquette adopted the Society, 
replies indicating this preference, while four advocate change. 
those preferring the present form, one thinks the clip should modi- 
fied, while Mr. Humphrey has modified the form slightly 
rounding the corners. quote few replies. Professor Sims 
writes: not been able obtain satisfactory results with the 
Am. Soc. form briquette, nor with any form briquette when 
broken any clips the market, nor with any form briquette 
clips with hand-made briquettes.” been experimenting with 
new form clips and briquette machine his own invention and 
new mould. 

Professor Johnson writes that satisfied that the form 
briquette should changed something like that shown Fig. 356 
his book Materials.” This shows greater strength 
than the common forms, either American German. 

Professor Clifford Richardson, the other hand, writes follows: 
can see reason for departing from the form briquette recom- 
mended the American Society Civil Engineers 1885. When 
properly used has given entirely satisfactory results. any de- 
parture should made, should, opinion, the direction, 
not alteration the shape the briquette, but reducing its 
size that the cross-section employed the Continent, sq. cm., 
0.775 sq. in. Briquettes with the latter cross-section require less 
mortar for their preparation and can more satisfactorily made. 
They will also give considerably higher results case tensile 
strength.” 

Question 44.—Is your preference based comparative experiments, 
the result satisfactory experience with one form? 

the who favor retaining the present form, state 
their opinion the result satisfactory experience with this form. 
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Four state that their opinion based comparative experiments, 
and state that their preference based both comparative experi- 
ments and satisfactory experience with the present form. 

Question 45.— Upon what sort surface should the briquette made? 

The practically unanimous reply this question that the surface 
should non-absorbent and smooth; that say, surface 
marble, slate, glass smooth metal. One the German manufac- 
turers his reply the circular gives naturally, course, the reply 
that should ‘‘a smooth metal surface, covered with piece 
moistened blotting 

uestion 46.—Should the briquette finished with trowel both sides? 

Thirteen replies are that the briquette should finished with 
trowel both sides, and that should finished only with the 
trowel top. Some think that the bottom which rests smooth 
surface will smooth and completely filled any case, but others, 
like Professor Clifford Richardson, think differently. Thus Professor 
Richardson writes: ‘‘Compressed upon both sides; have used for this 
purpose stiff putty knife which has been ground proper width 
pass the narrowest section the mould. the briquettes are not 
compressed upon both sides, have found that they have very 
uneven 

47.— What should the consistency the mortar 

replies this question agree substantially with the replies 
Question 23, and need not further dwelt upon. Mr. Hum- 
phrey gives the following formula: The consistency the mortar 
best regulated determining the percentage water required for 
different proportions sand. The writer has adopted the following 
formula for this purpose: 60, where 
weight (in grams) the water required for 000 grams 
neat cement. 
weight cement (in kilograms) 1000 grams sand 
mixture. 
weight (in grams) water required for the sand mixture.” 

Question 48.— What method filling the moulds you advise? you 
recommend the useof machine for moulding, and, so, what form would 
you suggest 

Seven replies indicate preference for machine moulding, while 
indicate preference for hand moulding. those preferring the 
machine, two prefer the Bohme hammer; one suggests machine 
built like the old-fashioned hand press used re-pressing brick; two 
prefer machine, general principles; one (Captain Abbot) says: 
Fill the mould several layers, pressed down with the thumbs. 
Have considerable surplus. Fit second mould over the first, put 
brass plunger the top mould, and apply steady pressure 500 
lbs. the top the plunger. Keep this pressure the briquette for 
two minutes exactly.” Another, Professor Richardson, writes: For 
ordinary tests would recommend filling the mould hand, this 
can done much more rapidly than with any machine except that 
devised Professor Jameson, the State University Iowa, which, 
however, not satisfactory for use with standard quartz mortar, which 
the mortar most generally used. recommend the use ofa 
machine for moulding, such that employed the Royal Testing 
Laboratory Berlin, where absolute tests any cement are 
made; but for ordinary relative tests ordinary hand moulding quite 
satisfactory and much more rapid.” 

quote few more the replies. Purdon, Am. Soc. 
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E., writes: putty knife trowel, filling the mould 
about one-quarter one-fifth and tamping with the handle. Have 
seen machine William Lee Treadwell, Am. Soc. E., which 
think would give good results.” 

Andrews, Am. Soc. E., writes: cement should 
thoroughly pressed into the moulds with the trowel fingers, and all 
air bubbles worked out, but should not rammed.” 

Mr. Allison writes: The moulds—40 mm. deep—resting 
glass slabs, should filled without compression (see Question 23). 
The moulds should given the slightest possible film oil and laid 
glass slab. The paste should made flow all parts the 
moulds the edgewise motion the point trowel held verti- 
cally. The surplus paste should removed, and the surface smoothed 
with the trowel, with the least possible amount compression work 
the paste. The moulds, when filled, shouid not lifted other- 
wise displaced from their first position the glass slab until the 
briquette becomes hard set. decidedly opposed the use 
machine, unless could arranged fill the moulds without 
putting compression other work the 

Mr. Graydon writes: fill moulds hand. place 
sufficient cement once fill mould about in. over the top, then 
run point trowel through several times take out air bubbles and 
stroke off, using only light pressure the hand doing this. 
not favor 

Professor Waddell writes: advise filling the moulds 
hand previously described. have experimented, considerable 
expense, upon machine for making briquettes. appeared first 
the work very satisfactorily, but found the long-time tests 
much irregularity the strength the briquettes that was 
forced abandon all the tests briquettes made the machine. 
know satisfactory machine for making briquettes.” 

Mr. Lesley writes: best method filling the moulds 
take the material from the plate wash-basin which has 
been mixed, and place the moulds with the fingers with 
spatula, and then press until the cement well and equally 
distributed all over the mould. far machines for making bri- 
quettes are concerned, know none except that used Tetmajer, 
and also the German machine already referred replies 
Questions and 29, and, stated, the Tetmajer machine much the 
more rapid, and the German machine has fallen into disuse several 
cases where such apparatus has been used.” 

Mr. Humphrey writes: After thoroughly mixing the neat 
cement the mortar hand and trowel, the mixture placed the 
mould and firmly pressed with the fingers, without ramming, and 
the mould smoothed off sides with trowel.” 

Question 49.— Have you used the machine you suggest, and have the 
results been satisfactory 

those recommending machine, have used those which they 
recommend, while three have not. those recommending hand 
mixing, two have tried machine with poor results and know 
satisfactory machine; while have not tried machine, and not 
answer Question 49. The replies Professors Richardson and Wad- 
dell Question are interesting this connection. 

There doubt that the consistency the paste and the method 


filling the moulds are important factors the problem securing 
uniform results. 
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Questions and 51.— How should the briquettes treated during the first 
twenty-four hours after moulding How should they treated during the 
remaining time until tested 

The majority replies this question indicate that the bri- 
quettes should remain the moulds till set, then taken out and 
placed upon some non-absorbent surface and covered with damp 
cloth, else placed box exposed moist air and allowed 
remain for hours, after which they are immersed water. 
Several keep the briquettes the moulds until they are ready 
immersed water, and few not immerse water all, but pre- 
serve air until tested. One two call attention the fact that 
the briquettes should tested immediately after being taken from 
the water. Mr. Hatton states that has found considerable 
difference the tests resulting from leaving the briquette the air 
some time after being taken from the water compared with tests 
made immediately after the briquette removed from the water. 

Question placed water, how often should the water renewed, 
and important that should maintained nearly constant temp- 
erature? What should the 

There considerable difference opinion with reference this 
question. Fifteen replies state that constant temperature import- 
ant, while state that unimportant—one these considering 
that important only during the first week. With reference the 
temperature, all those who specify practically unite stating 
70° the proper temperature. 

With reference renewal water, state that unimportant, 
while consider that important renew it. few think 
should renewed daily, possible; that the briquette should 
immersed running water; one thinks should renewed every 
three days; one every week least, and one when becomes greasy 
slippery. 

Professor Waddell writes that renews the water two 
three times the first two three weeks, especially begins look 
cloudy, and after that simply replenishes the water when evap- 
orates, unless should have dirty appearance. One the German 
manufacturers states that not necessary, either renew the water 
keep its temperature constant, but the case short-time 
tests, essential maintain uniform temperature. 

Questions and 54.—At what age should briquettes broken 
ceptance tests ordinary work Under what conditions would you deem 
essential make longer time tests 

difficult give summary the replies this question, but 
the general opinion seems that the test should made day 
and good many specify day for natural and days for 
Portland, while others, who not specify, probably mean this. 
good many name longer times, but not presumed that long- 
time tests would required for the acceptance the field well- 
known brands. answer Question good many specify that 
longer time tests should required where the shorter-time tests are 
not satisfactory are suspiciously high, case new unknown 
brands cement. 

Question Will weighing briquettes before testing give information 
value, and, so, what 

this question, members reply ‘‘no”; and are 
uncertain. quote several the replies. Professor Clifford Rich- 
ardson writes: Weighing briquettes, not before testing, but immedi- 
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ately after they attain their hard set, is, believe, one the best 
guides securing uniformity and satisfactory results making test 
pieces for neat cement and sand mortar. also the most excel- 
lent check for novices use acquiring the requisite skill. For ex- 
ample: with German Portland cement, Germania Brand, was found 
that briquette made one Riehlé Bros.’ moulds the pattern 
recommended the Am. Soc. E., when made neat mortar, weighed 
from 140 141 grams, and had density, from the volume 
the briquette, which is, near can ascertained, from 
66.5 cu. 2.136 2.121, while cubes made the same way for 
crushing tests had density, made mortar 
with parts quartz cement, weighed from 130 
125 grams, and had density 1.970 1.889, while the crushing bri- 
quettes had density 2.022 1.945. the case sand mortar the 
difference the weight the tensile strength the briquettes 
reached much grams, which too great. The lightest bri- 
quettes this case would thrown out, and difference not more 
than grams the outside allowed. samples the density and 
weight briquettes the pattern recommended the Am. Soc. 
E., the following figures, determined with various cements, will serve. 


DENSITY 


TENSILE. CRUSHING. 
Neat. Sand. Neat. Sand. 
Brooks and Shoobridge and water...... 2.30 1.89 2.28 2.12 
briquette should weigh: 
Mankato 30% 14% 129 


fully believe that recommendation, least, should intro- 
duced any rules for uniform testing cement, that all briquettes 
should weighed and the densities given with the results the 
physical tests.” 

connection with this reply from such well-known authority, 
interesting note, showing the difference opinion between 
those best qualified judge, that Professor Newberry, emi- 
nent chemist and man experienced the manufacture cement, re- 
weight briquette, or, better, its specific gravity, means de- 
termining its density, valuable aid forming opinion the 
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merits the briquettes comparative tests, where they are made 
different persons.” 

Question What form clip you prefer 

The replies this question generally indicate preference for the 
Fairbanks Riehlé form clip with rubber bearings. Three replies 
are that form satisfactory, and five simply state that they prefer 
the Am. Soc. standard. Mr. Allison, whose reply in- 
cluded the numbers given above, writes follows: The clip with 
rubber tips furnished with the machine. have not used any 
other form cushioned clip. With Fairbanks machine 
lbs.) strong briquettes were generally broken the points contact 
one the clips instead the smallest section. order 
compare the machines, extensive series parallel tests was made— 
one-half each set briquettes being broken each machine. The 
general average the results gave the following ratio: 

determined Riehlé machine (cushioned 


Strength determined Fairbanks machine (un- 


the former machine the breaks occurred near the 
smallest section; probable that the readings the machine gave 
close approximation the actual tensile strength the briquettes. 
With the latter machine, however, the briquettes were not pulled 
‘apart, but were broken some kind crushing, splitting, action 
the points the clips, where the the machine represents 
only the vertical components the total pressures concentrated 

quote few other replies. Noyes, Am. E., 
writes: Theclip should conform tothe briquette for, say,} in. This 
would necessitate device prevent twisting the briquette side 
strain. experience with the Am. Soc. clip shows that, the 
stronger briquette is, the more likely break centrally. With 
weaker cements, the break more likely the point the clip, 
showing some wedge 

Mr. Molitor writes: believe that the principal difficulty ex- 
perienced with clips not much the shape the sample and 
clips, but the manner which the clips are held the jaws the 
machine. giving this connection universal motion that there 
will absolutely bending moment the sample, fair expect 
more uniform results.” 

Question 57.— What should the distance between opposite gripping 
points the same clip? 

The replies this question vary all the way from in. ins. 
There are only definite replies. 

What should the rate applying the stress 

The majority the replies indicate preference for rate about 
400 lbs. per minute. Some say that the stress should applied 

while several state that the rate not important long 
uniform. One two call attention the fact that with strong 
cements one-half three-quarters the load may applied rapidly, 
but that after that, the rate must uniform and slow. 

Question 59.— What style testing machine you prefer 

Sixteen replies indicate preference for the Fairbanks machine, 
while three prefer the Riehlé, one the Olson, two (including one German 
manufacturer) the Michaelis machine, and three either Fairbanks 
Riehlé. Andrews, Am. Soc. E., sends blue print 
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proposed machine, while one two emphasize the fact that the 
stress should applied power rather than hand, insure 
regularity. 

Question 60.—Can you suggest any desirable modifications machines 
now use 

Most the definite replies this question indicate that the 
trouble present machines, any, respect the clip bearing. 
Professor Newberry says that the machine should larger, 
give more accurate results with high strength. Several members 
suggest the use electric motor run out the weight and 
apply the stress uniformly. Several other suggestions are made which 

Question 61.—What special precautions are necessary breaking 
briquettes 

The majority replies this question indicate that the principal 
precaution adjusting the clips. Quite number, however, call 
attention the necessity avoiding any sudden application stress. 
Several others also call attention the necessity, already alluded to, 
breaking the briquettes immediately after taking from the water. 

Question 62.—Do you advise compressive tests, and, so, why 

The majority advise compressive tests, although several not 
consider them generally practicable, except well-equipped 
laboratory. Professor Johnson states that there neces- 
sity for tensile cross-breaking tests.” Professor Clifford Richard- 
son writes: very much favor tests compressive strength 
any cement and mortar where the facilities are available for 
carrying them out. The results these tests correspond more closely 
the conditions existing practice, and reveal certain characteristics 
which are not shown tensile strength.” 

Mr. Humphrey writes: machines for making com- 
pression tests are expensive, require considerable space, and are not, 
therefore, adapted for temporary testing laboratories. They are 
desirable, however, and should made all permanent laboratories. 
already stated, neat cement becomes very brittle the end six 
months longer periods time, and when tested tension snap off 
before the full strength reached, giving rise the impression that 
the cement losing strength. Whereas the same cement tested 
compression would show decrease, unless the cement very 
poor quality; but, the contrary, would show increase 
strength.” 

Most those advising compressive tests call attention the fact 
that the cement really used that way, and that there 
necessary relation between tensile and compressive strength. 

uestion 63.— What form and dimensions test piece you prefer 

replies this question recommend cube varying from in. 
ins. The replies, however, are few and give little means 
judging the opinion the Society. 

Question 64.—Should the test piece treated differently regards 
manipulation mortar, mixing setling, from tensile specimens? so, 
state what particulars, and why 

The replies this question are practically unanimous that there 
should difference the manipulation. however, consider 
that would necessary use the Hammer apparatus forming 
the cubes. quote two replies. Professor Clifford Richardson 
writes: pieces for the determination compressive strength 
are much more difficult make than those for tensile strength. The 
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mortars, however, should prepared the same way. would 
seem that some sort machine moulding more necessary for the 
preparation compression test pieces than those for tensile strength. 
The danger hand moulding lies the possibility the material 
lying the test pieces unequal layers which are, the same time, 
unequally bound together.” 

Captain Abbot writes: ‘‘The cubes should made con- 
crete taken directly from the batches the work. They should 
rammed and otherwise treated nearly possible like the concrete 
work. This gives the best available indication the 
material actually constituting the structure. Such cubes should 
kept damp sand days and then broken.” 

Question 65.—How should the specimen prepared for the testing 
machine 

answer this question, the suggestion generally made that 
the sides the compression piece which the force applied 
should either carefully trued trowelled, that lead plates, 
thick plaster Paris, cardboard, layer very fine 
sand, should placed upon these surfaces. One member replies that 
the test piece should pressed into the moulds, but not rammed. 
One member suggests that the ends which the pressure 
applied should allowed set contact with glass plates 
insure perfectly even surfaces. 

66.— What form testing machine you recommend 

nreply this question, mention made the Fairbanks, Riehlé 
and Amsler machines. 

Question 67.— What should the rate applying the stress 

The replies this question indicate generally the same rate 
application for tensile stress, but several replies indicate more 
rapid application, such 000 lbs. per minute. 

Question 68.—Do you advise bending tests? so, what con- 
ditions and why 

reply this question, there are replies ‘‘no,” and 
Two replies are only for concrete, and two only for research 
laboratory. 

Mr. Snow, whose reply typical several others, writes: 
think that the nature cement can ascertained well 
transverse tensile tests, and that outfit for making the former 
can got much cheaper than for the latter. Tests could made 
more rapidly, and there would uncertainty the directness 
the application the load. need for making both transverse 
and tensile 

Question 69.— What form and dimensions test piece you prefer 
What span 

The replies this question are quite diverse, and not neces- 
sary summarize them. 

Question 70.—Should the test piece treated differently regards 
manipulation mortar, mixing and setting, from tensile specimens? 
so, please stale what particulars, and why 

The general reply this question 

Questions and 72.— What form testing machine should used 
What should the rate applying the load 

The replies these questions are few that not desirable 
summarize them. 

what conditions you consider the tests indicated 
below necessary desirable? What should the manipulation for the test 
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action sea water. 


Under this head, suggestions are made various mem- 


bers, which quote: 


Newberry, Assoc. Am. E., writes: These tests 
involve too much extended experimenting, judgment, 
value testing individual cements.” 

Miner, Assoc. Am. Soc. E., urges that the Committee 
establish two standard methods testing, the laboratory test and the 
field test. The former should embody all the refinement deemed 
necessary and only possible the well-equipped testing laboratory. 
The latter should simple could performed any time. 
short notice, with simple and crude apparatus, most which could 
made fair mechanic, and the total cost which would not 
exceed few dollars. 

Mr. Cooper thinks that the principal cause discrepancy 
the amount water used. The standard adopted the 
Am. Soc. liable different interpretations different 
operators ‘‘stiff paste” may mean many different things. The 
moist also uncertain. believes the Ger- 
man standard nearest correct, that water must just appear the 
surface after 100 blows with the Bohme hammer, but this, too, not 
satisfactory, and gives true standard for comparing different 
cements. considers the German machine clumsy and slow. 
thinks some machine for moulding briquettes under high and uni 
form pressure, say 3000 lbs. per square inch, would give good results- 

Professor Sims satisfied that has method which will 
give uniform results. 

mortar, enough for briquettes, moulding half into briquettes 
and immerse the usual way, letting the remainder stand till 
has taken decided set, then breaking and moulding. believes 
good Portland cement stands the test well, the broken-up mortar 
giving strength sometimes equalling the first briquette. allows 
the use Portland cement mortar which has stood the whole day 
the mortar board, thoroughly re-tempering and working over. 

Mr. Hatton writes: the cement work intended 
exposed the action the water and atmosphere intermittently 
throughout great changes temperature, wise make compara- 
tive tests the several cements offered. short time back, had 
build two concrete walls exposed tidal influence and ice. The bri- 
quettes were mixed usual and were placed water with 60° tempera- 
ture, which was gradually reduced 32°, and maintained for the 
allotted time, hours, days and 27} days. They were then taken 
out and immediately immersed boiling water, where they remained 
for hour, hours and hours, respectively, the end which time 
they were taken out, wiped dry, and immediately tested, and the 
cements which did not lose over their standard tensile strength 
were accepted. 

left the judgment the engineer. Not neces- 
sary specify when establishing standard. 

following simple adhesion test daily use upon 
rounds the field, for particular reason except see that the mortar 
has been properly measured and mixed, and will detect any weakness 
this respect very quickly. Take two bricks, after being wet, rub 
them together the fresh mortar until their inner surfaces are entirely 
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covered with the mortar, and then place them the air, one top 
the other, where they will undisturbed, and after three minutes 
raise the mass taking hold the top brick; the mortar holds the 
brick the top one, the mortar may considered properly 

Professor Waddell writes: are two other tests 
which make occasionally, concerning which you have asked ques- 
tions, will give you description how They are 
the rise-in-temperature test and the re-tempering test. make the 
first, mix oz. cement with oz. water, then insert the bulb 
thermometer the mixture and note the rise intemperature. This, 
find, runs from zero high 13°, the time ranging from 
minutes. The greater the rise temperature, the greater the prob- 
ability there being too much free lime magnesia the cement. 
Nevertheless, known the temperature rise considerably 
cements that gave other indications weakness whatsoever, and 
which were eminently satisfactory respect strength, etc.; conse- 
quently not rely very much upon the rise-in-temperature test. 

The re-tempering test make follows: Four sets briquettes 
are employed. the first set, the mortar mixed and put into 
the moulds once the ordinary way; the second, mixed con- 
tinuously for minutes and then put into the moulds; the third, 
mixed continuously for hour and then moulded; and the fourth, 
the mixing continued for minutes. Often, however, omit the 
90-minute test because the time and trouble involved thereby. Water 
added during the mixing required keep the mass plastic. 
The briquettes thus made are tested days, month, and months, 
and comparison the strength for sets and will indicate 
the extent the injurious effect the re-tempering. might ad- 
visable prepare enough briquettes carry these re-tempering tests 
longer period time.” 

Mr. Noyes writes: several years’ experience the 
New York State Canals, work was continually freezing weather, 
sometimes even Fahr. Salt was used freely. not remember 
have seen mortar injured more than in. from the face the work. 
was usually required rake out and point after the end freezing 
weather spring.” 

Mr. Toltz writes: are often compelled build 
masonry winter time temperature from zero 30° below zero, 
the experience have had about follows: The mortar mixed 
hot; that say, the heated and sandis heated. The mortar 
freezes the work, but thaws out again the spring and sets our 
satisfaction. never had, yet, any trouble regard freezing. 
have never used any salt put the water prevent its 

Holman, Am. Soc. E., suggests that the Committee 
divide the subject into two parts, 

The testing cements known reliability. 
The testing new cements. 

adds: further suggest that the Committee take 
the requisite time gather all available information, and, 
necessary, make some experiments.” 

Mr. Gowen writes: The testing cement should 
confined simple processes with simple apparatus, order that may 
done the engineer his field work upon the delivery the 
cement question. this way only can the engineer satisfy himself 
regard the actual thoroughness and reliability the testing work 


done. seems that much beyond the various processes 
outlined the answers stated above for the engineer encroach 
upon the field the analytical chemist the laboratory the cement 
cumstances properly compete, even follow processes. With, 
however, simple methods use his own office can take the time 
follow them, and assure himself that the testing properly 
done. can protect himself against poor cement always, even 
does times reject some that good which may have offered some 
doubtful phases him.” 

Mr. Humphrey writes: have not adopted mechanical 
methods for mixing and moulding because (1), they are too slow for 
rapid work, and therefore unsuitable for use, except purely experi- 
mental laboratories, and (2) the results are more reliable than those 
obtained hand mixing. The writer has observed that the greatest 
objection the American Society rules 1885 the difficulty in- 
terpreting just what constitutes ‘stiff plastic paste.’ The wide 
variations the results different experimenters due largely this 
cause. 

the most important tests the quality cement are affected 
the consistency the paste, seems the writer that accurate 
and reliable method for determining the normal consistency the first 
essential consideration. the formulation specifications there 
should distinction made between laboratory and field testing, 
testing the site the work which the cement used. 
appears possible adopt such system will applicable both 
classes testing. 

Adhesion and abrasion tests, and the tests the resistance 
freezing, and the action sea water, are only desirable under special 
conditions which the information they may furnish has important 
bearing the use the cement. tests for the reception mate- 
rial they are not special value. 

laboratories should make tests this character, and 
their results the available data these subjects. 

conclusion, the writer begs suggest that the Committee 
select from the answers their circular letter those methods which 
give promise the best results. Having made this selection, 
recommends that the Committee conduct series experiments, using 
the proposed methods and endeavor, possible, determine which 
method yields the most satisfactory results. The Committee would 
then better able adopt definite conclusions.” 

Mr. Broadhurst writes: would especially draw the atten- 
tion the Committee the necessity uniform treatment the 
briquette after moulding, e., whether the briquette should exposed 
the air the laboratory until hard set’ whether the briquette 
should covered with damp cloth think that 
difference manipulation this point one cause for non-uniformity 
results with different operators. would also draw the attention 
the Committee the fact that many laboratories where moist 
chamber not the disposal the operator, the briquettes are 
covered with damp cloth and subsequently with oil cloth 
prevent evaporation the moisture the cloth. This has ten- 
dency increase the temperature, and hence leads non-uniformity 
results.” 

Mr. Gould considers the principal object obtain 
uniformity cement established reputation. would confine 
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himself cement established reputation and making frequent 
tests with his own hands would make sure that was not receiving 
deteriorated material. Before adopting any new cement, would 
test against cement established reputation, making all tests 
himself, and the same manner. would also use the new cement 
tentatiyely the work, places where could see its behavior, and 
then after few years, would willing express opinion its 
merits. 

would also test the sand used competitively with sand that 
knew good, using the same cement. would require 
specified strength. 

does not believe American natural Portland cements, having 
found (when used them eight ten years ago) little uniformity 
them, and believing that too many different qualities are made. 
had found accident that some these cements when allowed 
stand the air without being covered with damp cloth, went 
pieces, some the end few months, while immersed bri- 
quettes the same cement behaved satisfactorily. thinks that 
any hydraulic cement that does not almost immediately pieces 
under water will always improve prolonged immersion, and the 
question how will behave when not immersed, and kept entirely 
away from moisture. 

has always found foreign Portland cements keep increas- 
ing strength when not immersed, though not fast when 
immersed. 

believes that will impossible fix exact standard 
which the results different operators can compared, and thinks 
makes little difference how the tests are made provided each tester 
always works exactly the same way. 

feels sure only the sand test that worth anything; for 
one reason, because neat test, the coarsely ground cement always 
shows better than the same cement finely ground. thinks that 
competitive test cement, the highest possible dose sand should 


used. does not believe that the requirement that cement 


shall used till tested ever carried out. 


7 
| 
| 
4 
| 
| 
| 
| 
| 
| 
| 
] 
{ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| | 
| 
| 


CURRENT TECHNICAL LITERATURE. 


131 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 
(March 14th April 11th, 1900.) 
This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 


any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 
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(46) Scientific American, New York City, 


(47) Mechanical Engineer, Manchester, 
England. 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) Zeitschrift fir Bauwesen, Berlin, Ger- 


many. 

(50) Stahl und Eisen, Duesseldorf, Ger- 

(51) Deutsche Bauzeitung, Berlin, Ger- 


ussia. 

(53) Zeitschrift des oesterreichischen In- 
genieur und Architekten Vereines, 

ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Tidskrift. Stockholm, Swe- 


(57) Christiania,Norway. 
(58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 
(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 
upon-Tyne. 
(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 25c. 
(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. E., 
London, England. 
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LIST ARTICLES. 
Bridge. 
Mason Work the New River Bridge Anchorages.* (14) April 
Repairing Fractured Stone Arch Bridge, Ry.* (18) March 31. 
Transfer Bridges.* Serial beginning Feb. 23, ending March 23. 
Rolling Lift Bridge the Boston (N. Y., (13) March 
Pont Transbordeur Rouen.* March. 
Passerelle Métallique sur Sprée, prés Berlin.* (33) March 
Ponts Bascule Roulants Schertzer).* (36) March 
The Alexandre III Bridge, Paris.* (46) March 10. 


Electrical. 


The Possibilities Wireless Telegraphy.* (42) Dec., 1899. 

The Action Electric Tramway Currents Submarine Telegraph Cables and Other 
Circuits.* Prof. Andrew Jamieson. (26) Serial beginning Feb. 23, ending 
March 

Dynamo Testing and the Care Dynamos. Norman Woodfin. (47) Serial begin- 
ning Feb. 24, ending March 17. 

Some Mechanical Details Dynamo Design.* Kilburn Scott. (26) Serial beginning 

March ending March 16. 

The Controller Electric Motors.* (48) March 

The Designing Electrical Generating Stations. (26) March 

The County London Electric Lighting Electricity Works.* (26) Serial 
beginning March ending March 16. 

Electric Lighting Cable Breakdowns.* Gisbert Kapp. (26) Serial beginning March 
ending March 23. 

The Electric Process Armor Plate.* (22) March 16. 

The System Telegraphy.* Chas. Garland. (26) Serial beginning 
March 16, ending March 23. 

Conn., Municipal Electric Lighting Plant.* Perkins. (27) 

arch 17. 

Fundamental Ideas Alternating Currents.* Prof. Dugald Jackson. 
beginning March 17. ending March 24. 

New Electric Locomotives.* (48) March 24. 

The Regulation Storage Battery Voltage. Roderick Macrae. (27) March 24. 

The Tariffville Plant the Hartford Electric Light Company.* (14) March 24. 

Greenock Corporation Works.* (26) March 30. 

The County London: Electric Lighting Company.* (27) March 31. 

Distribution: Works the Westinghouse Air Brake Company.* (25) 

pril. 

Incandescent Lamps.* Francis Wilcox. (3) April. 

Electrical Ignition for Gas and Gasolene Engines. Mungesser. (27) April 

Installation Hydro-Electrique des Chutes Niagara: Nouveaux Développements.* 
(33) March 

Marine. 


Ships the Wolga.* Weis. March 
The Saloon Steamer Kaiserin Augusta Victoria.* (48) March 24. 


Central-Pivot Gravity and Spring-Return Carriages for Naval Ordnance.* (19) 
March 31. 


Engineering the United States Navy: Its Personnel and Rear-Admiral 
George Melville. (10) April. 


Mechanical. 


The Manufacture Calcium Carbide Related the Iron Industry.* Liebetanz. (50) 
Serial beginning March ending March 15. 

Improvements the Longworth Power Hammer.* Ernest Samuelson. (22) March 

Liquid Air.* Walter. (53) Serial beginning March ending March 

Coke-Oven Plant for the Supply Gas.* F.Schniewind. (22) Serial 
beginning March ending March 16. 

the Mechanical Theory Steamship Propulsion.* Robert Mansel. (12) March 

New Forms for Gear Teeth.* (48) March 10. 

Test Special Governor.* (47) March 10. 

Large Gas Engines.* Meyer. (48) Serial beginning March 10, ending March 17. 

Repairing Broken Fly Wheel.* James (20) March 15. 

Experimental Investigation the Thermodynamical Properties Superheated 
Steam. John Grindley. (12) (47) March 24. 

arch 17. 

The Distribution Energy its Way Through the Steam Engine.* (47) Serial begin- 
ning March 17, ending March 24. 

Friction Steam Packings.* Charles Henry Benjamin. (20) March 22. 

Pneumatic Mail Despatch.* (62) March 22. 

Methods Testing Blowing Fans. Prof. Carpenter. (47) March 24. 

Some Notes Oil and Tar Burning.* Benjamin Allen. (24) March 26. 

The Present Status Fuel Gas. John Lynn. (24) March 26. 


(27) Serial 
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Mechanical—(Continued). 


New Works the William Krause Sons Cement Company.* Horace Haight. 
(14) March 31. 


Limits the Use Forced Draft for Marine Boilers. Walter (9) 
April. 
Progress Transportation.* William Hewitt. (10) April. 


The Geometrical Generation Irregular Surfaces Machine Construction.* Henry 
Roland. April. 


Gas Engine Progress. Kerr. (41) April 

Aérienne.* Rodolphe Soreau. (33) Serial beginning Feb. 24, ending 
March 10, 

Transporteur Automobile sur voie (35) March. 

Chargement Déchargement Mécaniques des Cornu Gaz.* (33) March 10. 


Mining. 


The Transvaal Mining Industry for the Second Half (16) Serial beginning 
March 10, ending March 31. 


The Avino Mine and Mill, Mexico.* (16) March 17. 

The New Peck-Montana Concentrator.* Geo. Winter. (16) March 31. 
Flushing Culm Anthracite Coal Mines.* Wm. Griffith. (3) April. 
Beach Sands the Pacific Coast.* (41) 


Municipal. 

Water Asphalts. George Whipple and Daniel Jackson. (13) 
March 22. 

Cement Macadam. (51) March 24. 

Road Construction New Jersey. (14) March 24. 


New Standard Method Testing Paving Brick: National Brick Manufacturers’ Associa- 
tion. (13) March 29. 


Smoothness Pavements.* Daniel Luten. (14) March 31. 
Asphalt Pavements and Their Causes. Dow. (13) April 


Railroad. 


Locomotive Design.* F.J.Cole. (25) Serial beginning June, 1899, ending April, 1900. 


for Revision the Rules for Loading Long Material. Stark. 


Ton-Mile Statistics. Quereau. (61) Feb. 

Corrosion Locomotive Boiler Tubes.* March 

High Speed Three-Phase Railway from Toledo Norwalk.* (17) March 

How Determine the True Net Earning Power Street Railway Properties. Edward 

Higgins. (17) March 

Main Power Station and Transmission System the Metropolitan Street Railway Com- 
pany New York.* (17) March 

Prices Street Railway Track Construction. John Brooks. March 

Superstructure the Vienna Stadt-bahn.* Koestler. (53) March 


Rails: Committee Report the Annual Convention, American Railway Engineering and 
Maintenance Way Association. (40) March 


The Erection the Boston Elevated Railway.* Charles Evan Fowler. (13) March 15. 

Ballasting: Committee Report the Annual Convention, American Railway Engineering 
and Maintenance Way Association. (40) March 16. 

Graduation: Committee Report the Annual Convention, American Railway Engin- 
and Maintenance Way Association. (40) March 16. 

Railroad Signaling and Interlocking Plants: Committee Report the Annual Conven- 
Railway Engineering and Maintenance Way Association.* (40) 

arc 

Railway Building Prospect: Detailed List New Railroads Projected and Under 
(40) March 16. 

Railway Ties: Committee Report the Annual Convention, American Railway Engi- 
and Maintenance Way Association. (40) March 16. 

Railway Tracks: Committee Report the Annual Convention, American Railway Engi- 
neering and Maintenance Way Association. (40) March 16, 


Railway Water Supply: Committee Report the Annual Convention, American 


_Railway Engineering and Maintenance Way Association. (40) March 16. 

Railway Yards and Terminals: Committee report the Annual Convention, American 

Railway Engineering and Maintenance Way Association. (40) March 16. 

Right Maps.* (40) March 16. 

The Elevated Structure the Boston Elevated Railway.* (14) March 17. 

Attleboro and Woonsocket Street Railway.* William Ennis. (27) 

arch 17, 

The Kingsbridge Power Station the Third Avenue Ry., New York City.* Burcham 
Harding. March 22. 

Some Reasons For Hot Journals and New Journal Bearing for Railroad Cars.* 
Grossman, (53) March 

The Rapid Transit Railroad New York.* (40) March 23. 


Tilustrated. 
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Railroad—(Continued). 


Cast-Steel Driving Wheels for Locomotives.* (47) March 24. 

Ten-Wheel Passenger Locomotive; Northwest Ry. (England).* (13) March 

Some Questions Locomotive Design.* Wm. Raymond. (15) March 30. 

The Cape-to-Cairo Railway.* John Hartley Knight. (9) April. 

The Jungfrau Three-Phase Electric Railway.* Ernest Kilburn Scott. (9) April. 

Prairie Type and Wide Firebox Switch Engines, Railroad.* (25) April. 

Oshkosh and Neenah Interurban Electric Ry.* (13) 

Visibility and Confusion Tests Signal Glasses. (15) April6. 

Some Differences between American and British City Transportation Methods. Edward 

The Electric Tramway System Perth.* April 

des Tunnels ligne Fium Karahissar (Asie Mineure).* (35) 


Chemin Fer Suspendu Barmen-Elberfeld-Vohwinkel (Allemagne).* Alfred 
Boudon. (33) March 10. 


Sanitary. 


English Experiments the Bacterial Treatment Sewage, with Account 


Work Done Manchester, England, During the Past Year.* Prof. Leonard Kin- 
nicut. (1) Feb. 


Recent Changes Sewage Worcester, Mass. (14) March 17. 
Tunneling Quicksand.* Eddy. (14) March 24. 

Garbage Reduction Works Pittsburg and Pa. (13) March 
Distribution Steam Dartmouth College.* (14) March 31. 

The Bacterial Sewage Treatment. (14) April 
The Sewerage the City Worcester, Massachusetts.* (19) April 


Structural. 


Nickel Steel: Its Value Alloy. David Browne. (62) Serial beginning Jan. 11, 
ending Feb. 15. 


Paints and Varnishes. Professor Sabin. (1) Feb 


The Testing Struts Pillars. Popplewell. (47) Serial beginning March 17, 
ending March 24. 


Armored Concrete. (12) March 30. 
Great Arch, Cathedral St. John the Divine.* (14) March 31. 


Topographical. 
Method Making Farm Survey. Zahniser. (13) March 29. 
Water Supply. 


The Assouan Dam the Nile.* (11) March 

Test Multiple-Effect Distilling Plant. (14) March 17. 
Filtration Plant for the Albany Water Supply.* (46) March 24. 
The Mount Royal Pumping Station, (14) March 24. 
Water Distilling Plant the Dry Tortugas.* (13) March 29. 

New Water-Works. Latrobe, Pa.* (14) March 31. 

Calcul des Reservoirs Tole.* Maurice Koechlin. (33) March 


Waterways. 


Santa Ana Canal.* Lippincott. (19) Serial beginning March 10, ending March 17. 

Difficult Repairs the Alderney Breakwater.* (14) March 17. 

Pro for Regulating Works for Controlling the Level Lake 

arch 

Raise the Level Lake Erie. (20) March 22. 

Comparison the Isthmian Canal Projects. George Burt. (9) April. 

The Dutton Pneumatic Balance Locks for Canals.* Chauncey Dutton. (3) April. 

Lefort. (34) Serial Oct., 1899, ending March, 1900. 


Illustrated. 
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NEW BOOKS THE MONTH. 


NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


THE CONSTRUCTOR. 


Translation, complete and unabridged, from the Fourth Enlarged 
German Edition, Henry Harrison Suplee, Am. Soc. 


Cloth, ins., 312 pp., illus. New York, Suplee, 1899. 
$7.50. 


The headings chapters are: Strength Materials; The Elements Graphostat- 
ics; The Construction Machine Elements; Riveting; Hooping; Keying; Bolts and 
Screws; Journals; Bearings; Supports for Bearings; Axles; Shafting; Couplings; 
Simple Levers; Cranks; Combined Levers; Connecting Rods; Cross Heads; Friction 
Wheels; Toothed Gearing; Ratchet Gearing; Tension Organs Considered Machine 
Elements; Belting; Rope Transmission; Chain Transmission; Strap Brakes; Pressure 
Organs Considered Machine Elements; Conductors for Pressure Organs; Reservoirs 
for Pressure Organs; Ratchets for Pressure Organs Valves. 


INDICATOR DIAGRAMS. 


Treatise the Use the Indicator and Its Application the 
Steam Engine. Pulien. Cloth, ins., 238 pp., illus. 
The Publishing Co., Manchester, 1899. shillings net. 


this volume, the author has endeavored give the result certain amount 
experience assist interpreting the record made the Indicator pencil, well 
indicate what direction look for those irregularities commonly found under 
ordinary conditions use. The Contents are: Measurement Power with the Indi- 
Indicator Rigs and Reducing Gears; Other Indicators; Calibrating Indicator 
Springs; Other Errors the Indicator Diagram; Preliminary Analysis the Diagram; 
Diagrams Showing Variation Load; The Admission and Steam Lines the Indicator 
Diagram; The Exhaust and Compression Lines; Valve Chest and Steam Pipe Diagrams; 
Adjustment the Slide-Valve; Diagrams; Miscellaneous Diagrams; Averaging 
Diagrams and Mechanical Efficiency; Slide Rule and Calculators; Tables. 


MODERN LOCOMOTIVES. 


Illustrations, Specifications and Details Typical American and 
European Steam and Electric Locomotives. One-half Morocco, 


ins., 405 pp., illus. The Railroad Gazette, New York, 1897. 
$7.00. 


Most the drawings this volume have been furnished the railroad companies 
ormakers. The attempt has been made limit the locomotives shown those which 
are present use, and include fairly representative all steam and electric 
locomotives built the United States. these are added illustrations and descrip- 
tions number foreign-built types. The selection all the drawings, and the 
general arrangement the volume, was made the late Barnes, Am. Soc. 
After his death the work was completed Mr. Whitridge. 


THE FILTRATION PUBLIC WATER-SUPPLIES. 


Allen Hazen, Assoc. Am. Soc. Third Edition, Revised 


and Enlarged. Cloth, ins., 321 pp., illus. New York, John 
Wiley Sons, 1900. $3.00. 


the volume the author has endeavored explain briefly the nature fil- 
tration the conditions which, half century European experience, have been 
found essential for successful practice, and preventing the unfortunate and disap- 
pointing results which easily proceed from the construction inferior filters. 
the five years since the first edition this book was published, progress the art 
water puritication has been rapid and substantial. complete revision was required 


treat these newly investigated subjects fully seemed necessary the author. 
There index five pages. 
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EGYPTIAN IRRIGATION. 


Willcocks, Inst. E.; with Introduction Major 
Hanbury Brown. Second Edition. Cloth, 10x ins., 485 pp., plates. 


London, Spon, Ltd., 1899. $12.00. (Obtained 


This description the irrigation works which have been built Egypt the 
last twenty years. The Contents are: Egypt; The Nile; Basin Irrigation Upper 
Egypt; Perennial Irrigation Egypt; Perennial Lower Egypt; 
Egypt Provinces; Drainage and Land Reclamation; The Barrages; The Nile 


Flood; Engineering Details; Duty Water and Agricultural; Administrative and 
Legal; Reservoirs. 


ENGINEERING WORKS THE KISTNA DELTA. 


Description and Historical Account. Compiled for the Madras 
vols., plates. Madras: Printed and Published the Superinten- 


dent, Government Press, 1899. (Donated Spring, Am. 
Soe. E.) 


This history the engineering works which the Delta the Kistna has been 
converted from poverty-stricken, sparsely cultivated tract. subjected recurring 
droughts, into prosperous country, covered with cereal crops, rendered virtually in- 
dependent the precarious local rainfall network canals and channels from the 
great river. The works include anicut and head works and numerous canals. 


NOTES THE NICARAGUA CANAL. 


Henry Sheldon. Second Edition. Cloth, ins., illus., 
maps. Chicago, McClurg and Company, 1899. (Donated 


the Author. 


This volume the result visit Nicaragua made the author 1895. The 
Contents are follows: The Journey Nicaragua; The Route the Canal; Conces- 
sions and Legislation; The Present Plans; Sanitary Questions; The Country and the 
People; Other Great Canals; Cost; Nicaraguan Cities; Shall the United States Assist? 
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MEMBERSHIP—ADDITIONS. 


ADDITIONS. 


MEMBERS, Date 


Membership. 
CLARENCE, 


City Engineer, Room 19, City Hall, New Orleans, La..... Mar. 1900 
ARNOLD, 


Asst. Eng., Mexican Central Ry., Parral, Chihuahua, 


GRAHAM, JOSEPH 


Eng., Albuquerque, Land and Irrigation Co., Albu- 


Heaty, Jun. Jan. 1890 
Chf. Eng., Dovis Coal and Coke Co., Thomas, June 1891 
JERE CHAMBERLAIN, Assoc.M. Mar. 1898 
Pres., Detroit Electric Ry., Detroit, Mich..... April 1900 
KELLER, CHARLES, 
Capt., Corps Engrs., A., 1515 Locust St., St. 
ALEXANDER, Jun. Sept. 10, 1891 
Eng. Permanent Const., Bridge and Build- Assoc.M. Nov. 1899 
ing Dept., St. Ry., Chicago, April 1900 


SHERMAN, 
City Office, Providence, Mar. 1900 


ASSOCIATE 
Bryson, THomas 

404 Harrison Bldg., Philadelphia, Feb. 1900 

Asst. Eng., Dept., Southern Pacific Co., 418 

Epwarps, Warrick 

Inspector Bridge Materials, R., Mt. Royal 


Evans, Jun. Feb. 1894 
Room 445, Tremont Bldg., Boston, Mass..... Mar. 1900 


ARTHUR WILLARD, 
Prof. Civ. Eng., Worcester Polytechnic Institute, Wor- 


GARDINER, FREDERICK WILLIAM, 


Asst. Eng., Manhattan Ry. Co., 493 Manhattan Ave., New 
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Asst. Eng., Kanawha Michigan Ry. Co., Charleston, 


Horton, THEODORE, 
Asst. Eng., Met. Sewerage Comm., Mt. Jun. Aug. 31, 1897 
WALLACE 
Prin. Asst. Eng., Boston Elevated Ry., State St., 


CLINTON, Jun. June 1895 
584 Garden St., Little Falls, Y............ April 1900 


GEORGE, 
Asst. Eng., Jackson Architectural Iron Works, 315 East 


28th St., New York City.......... April 1900 
Walker Stidham, 156 Fifth Ave., New York City....... April 1900 


James LYALL, 
Care James Stewart Co., 1405 Park Bldg., Jun. Oct. 1898 


City Engineer, Wabash, Ind. ................ Assoc. Mar. 1900 
ASSOCIATE. 
WoLFGANG Jun. Sept. 1890 
Contr. Eng., Cortlandt St., New York City.... Mar. 1900 
JUNIORS, 
ALFRED, 
Care Clarke Fork Coal Mining Co., Gebo, Mont....... Oct. 1899 


JAMES VINCENT, 
Asst. Eng., Chicago North Western Ry. Co., Ames, 
WILLIAM FREDERICK, 


Navy Yard, Norfolk, Va......... Mar. 1900 


CHANGES ADDRESS, 


MEMBERS. 
ANDERSON,.......310 North 22d St., Omaha, Neb. 
Chf. Eng., Lehigh Valley R., Res. 261 


West 52d St., New York City. 
417 Denniston Ave., Pittsburg, Pa. 
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Grand Central Station, New 

York City. 

East 119th St., New York City. 

Dunn, Eng., Bdges. Bldgs., Tenn. Central Ry., 
Ozone, Tenn. 

FRANCIS........ Gibbens St., Somerville, Mass. 

CARL EWALD City Engineer, City Hall, San Francisco, 
Cal. 

JOHN ......... Chf. Eng., St. Louis, Oklahoma South- 
ern Ry. Co., Sapulpa, Ind. 

ARTHUR STANLEY........... 920 St. Bernard St., Philadelphia, Pa. 

JACKSON, JONES MUMFORD .......... Smith Co., Sault Ste. Marie, 

Chambers, Wale St., Cape Town, South 
Africa, 

Chf. Eng., Pere Marquette Co., 
Grand Rapids, Mich. 

Broad St., Room 1601, New York 
City. 

ANDREW Care Engineer’s Office, Chicago Great 
Western Ry., St. Paul, Minn. 

THEODORE 335 Central Park West, New York City. 

Riser, Knup Chf. Eng., The New Columbus Bridge 
Co., Columbus, Ohio. 

Max EBERHARDT.......... 175 West 58th St., New York City. 

Corps Engrs., A., Room 917, 
Winthrop Bldg., Boston, Mass. 

ASHLEY BEMIS ............. Tower Wallace, 309 Broadway, Room 
608, New York City. 

VAUGHAN, GEOKGE Box 616, Westfield, 

von 322 West St., New York City. 

ToBIAS........... First Asst. Eng. Charge, Improvement 


Water Supply, 710 A., City Hall, 
Philadelphia, Pa. 
Div. Eng., Aqueduct Comm., Jerome 


Park Reservoir, Kingsbridge, New York 
City. 


ASSOCIATE MEMBERS, 


WERNER, ..Eng. and Representative, Robins Convey- 
ing Belt Co., Park Row Bldg., New 
York City. 

133 Fifth Ave., New York City. 
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140 MEMBERSHIP—-DEATHS. 
JacoB, ALFRED PETER.............. 123 West 96th St., New York City. 
Frank State St., New York City. 
General Delivery, Harrisburg, Pa. 
SPENCER, JOHN 234 Emerson St., Pittsburg, Pa. 
STENGER, Union Depot, Denver, Colo. 
Tarr, JOHN West 125th St., New York City. 
Tower Wallace, 309 Broadway, Room 
608, New York City. 

Wilcox Co., Ala. 

ASSOCIATE. 
ARTHUR Gen. Mgr., Dominion Iron Steel Co., 


Ltd., Sydney, B., Canada. 


JUNIORS, 


JoHN NELSON West 139th St., New York City. 


Epwin Care Pittsburg Reduction Co., Pitts- 
burg, Pa. 

coalcos, Vera Cruz, Mexico. 

Towa. 

HERBERT............. 664 Gibraltar Bldg., Kansas City, Mo. 

PENFIELD, WALTER Lieut., Ist Infantry, Pinar Del Rio, 
Cuba. 

SPRINGER....... San Juan, Porto Rico. 

DEATH. 
Member May 7th, 1873; died 


April 3d, 1900. 
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PAPERS AND DISCUSSIONS. 
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any its publications. 
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Papers which have been presented 
Experiments the Protection Steel and Aluminum Exposed Water. 


The Foundations the New Croton Dam. 


The Improvement Portion the Jordan Level the Erie Canal. 
The Exact Design Statically Indeterminate Frameworks. Exposition 
its Possibility, but Futility. 
Messrs. HENRY GusTAV LINDENTHAL, RITTER, 
Experiments the Flow Water the Six-Foot Steel and Wood Pipe Line 
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Mr. Lowinson. 


Vol. XVI. APRIL, 1900. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


EXPERIMENTS THE PROTECTION STEEL 
AND ALUMINUM EXPOSED WATER. 


Oscar Assoc. Am. Soc. has made 
number tests new paint, and with view determining 
its resistance moisture, and the effects frost, coat was applied 
the outside surface porous jar which was afterward filled with 
concentrated solution sulphate sodaand the solution allowed 
evaporate. After period two weeks the interior the jar was 
full crystals, and with the exception half inch from the top 
the outside, which had been carried over capillarity, the surface 
was still intact and showed signs having way been 
penetrated. This experiment was repeated with the same jar half 
dozen times with the same results. corresponding jar which 
paint was applied emptied about hours, both the inside and out- 
side being covered with sharp crystals. 

order determine whether this material could used sub- 
stitute for furring, brick coated with its top surface was plastered 
directly the paint and immersed one-half its depth vessel 
containing water, until all the water, including that which the brick 
absorbed, had been evaporated. This process took week, and 
showed absolutely effect the plaster. The plaster adhered 


*Continued from February, 1900, Proceedings. See October, 1899, Proceedings, 
for paper Sabin, Assoc. Am. Soc. E., this subject. 


wires, which were then attached piles the sea water 
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strongly the paint that could not dislodged without destruc- Mr. Lowinson 
tion. 

similar brick was plastered without paint, and week the 
plaster became loose and detached from the brick. 

which used the inside exposed walls build- 
ings prevent moisture from attacking the plaster and thereby 
disintegrating staining the finished wall surface, can dis- 
pensed with the use this paint the wall surface and the 
direct application the plaster upon it. The speaker also uses 
the back limestone set masonry prevent the discoloration 
the wall, which occurs when any other cement than the expensive 
LeFarge used. 

The paint also appears resist the attacks moderate acids and 
alkalies, and herein differs apparently from the paints mentioned 
the author. 

Two coats were applied cast-iron, fire stand-pipe front 
building New York City where has stood for year without 
flaking showing rust spots, and when last examined the speaker 
was still hard and adherent, and all appearances had stopped 
oxidation. 

The speaker has not been converted the theory the author that 
laboratory tests are not much value. firmly believes exposure 
tests, but, order satisfy himself, deems his duty, when ex- 
amining material like paint, make such tests thinks would 
give imitation the action the elements. 


Assoc. Am. Soc. (by letter).—None the mr. sabin. 
tests this series was made with the samples alternately wet and dry. 
Some experiments, however, were made the writer coating bun- 


such way that one end each bundle was under water constantly, 
while the upper parts were exposed the air low tide. The con- 
clusion reached from this and other experiments was, that the pro- 
tective effect the coatings was not lessened the intermittent 
exposure, but that damage was done floating objects the water 
which persistently batter off the coating the water-line. secured 
against such effects protection possible. This probably the 
reason why iron piles rust off near the water-line; they are constantly 
battered logs wood and other floating matter which the waves 
throw against them 

One the objects sought placing the plates horizontally salt 
water get growth marine organisms one side the 
plate, while the other (the upper) side was kept free and reasonably 
clean. There was considerable deposit silt these plates. 
this way the exact effect the organisms could determined. The 
plates put fresh water were laid vertical position because was 
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Mr. Sabin. unavoidable under the circumstances, but fresh water organisms are 
comparatively rare and did not attack the plates, was serious ob- 
jection. The most serious trouble these experiments was the injury 
the coating the edges plates caused floating objects the 
water. This was sufficient, some cases, obscure the real value 
the coatings, which were removed mechanically from the edges toward 
the middle the plates. The writer the opinion that, hereafter, 
plates tested, which should not any case less than in. 
thickness, and should not smaller than those used this test—the 
larger the better—should each put frame such used for the 
slates school children, order protect the edges well 


possible. 
probably impossible give any definite answer Mr. Hill’s 
question. The exposure steel frame buildings extremely variable. 


Good compact hydraulic cement mortar, unquestionably, affords 
great deal protection, because alkaline, and alkalies not rust 
iron; and also because prevents much circulation air, though 
does not absolutely. Ordinary lime mortar very porous 
that its value much less; and brick and tile vary much porosity 
that generalizations about them can bemade. The care with which 
these are applied also important factor. seems the writer 
that the most important object sought these cases keep 
the metaldry. not possible keep bridge similar structure 
dry, but possible with the steel frame building; 
dry ought not rust very fast. Foundations which are 
placed always damp should have their steel work bedded 
cement, which should perfect quality and great thick- 
ness possible. 

The writer does not share the prejudice which some have against 
painting metal which covered with cement; not likely that 
the latter has any mysterious action the iron, but acts any other 
protective coating does; and well known that some paints which 
not bear ordinary exposure last well under cement. 

The writer has not used Lucol oil, and hence has nothing more 
substantial than prejudice against it. has preferred keep 
the use materials known composition, and which thinks have 
yielded the best results the present time. well known, 
has been pointed out Mr. Tatnall, that oil-paint films are somewhat 
porous, and are often thrown off corrosion underneath; and has 
been the writer’s aim produce films which would not open 
that objection, but would protect the metal until the film itself com- 
pletely destroyed. The object this paper show how this may 
accomplished the use well-known materials, combined 
well-known processes. 


The writer cannot all agree with the statement that the use 
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varnishes matter great uncertainty, but, fact, believes the Mr. Sabin. 
opposite, and desires these tests show what products are most 
suitable for use engineering structures. Furniture made 150 years 
ago the celebrated Martin, Paris, still distinguished its 
beautiful varnish; while violins, ranging from 200 300 years old, are 


still covered with the varnish originally applied them. Such 
material worthy systematic study. 
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Discussion.* 


and 


Mr.Gould. Am. Soc. E.—Apart from its intrinsic 
interest, this paper possesses that timeliness, that its presentation 
coincides nearly with the retirement Mr. Fteley from the Chief 
Engineership the Aqueduct Commission. describes the progress 
what need not hesitate style the most important engineering 
work the day, from its commencement the date its handing 
over, fully and successfully launched, Mr. Fteley his successor. 

This very apt connection between the presentation the paper 
and Mr. Fteley’s retirement will probably strike all members the 
Society. the more limited circle, composed members and ex- 
members the Corps Engineers the Old Croton Aqueduct, the 
death Julius Adams, Past-President Am. Soc. E., 
near the date its presentation, lends this paper added 
appropriateness time and place. 

The preliminary studies for the original project, which Mr. 
Benjamin Church was the author, namely, that dam 
Quaker Bridge, and which the present work will the final out- 


*This discussion (of the Charles Gowen, Am. Soc. E., printed 
Proceedings for January, rinted Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior 25th, 1900, will printed 
later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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come, were commenced some twenty years ago under the direction Mr. Gould. 
the late Isaac Newton, Am. Soc. E., then Chief Engineer the 
Croton Aqueduct, the late Chesborough, Am. Soc. 
and the late Colonel Adams. These studies mark the early dawn 
the era scientific high-masonry dam design this country. The 
design and construction what were previously considered high 
dams, earth with masonry, had already been brought 
high degree perfection Tracy, Campbell and Mr. George 
Birdsall, but masonry dam, upwards 100 ft. high, was essentially 
proposition. was new and startling many that 
time learn that the possible crushing such structure under its 
own weight alone, under its own weight combined with hydrostatic 
pressure, was factor the problem most seriously reckoned 
with. probable that this point, and, indeed, the whole question 
the profile equal resistance such structures, was first brought 
the notice the profession large through translation, made 
the writer, direction Mr. Isaac Newton, some chapters from 
Debauve’s del’ Injenieur,” which small edition was 
printed the Department Public Works for the use its engineer 
corps, and copies which found their way few other hands. 
Mention may also made two papers contributed about this time 
the writer Van Nostrand’s Engineering Magazine. Later, the sub- 
ject was fully developed Edward Wegmann, Am. Soc. E., 
his masterly and thoroughly exhaustive treatise High Masonry 
Dams.” 

Inthese studies, the type concrete idea the high masonry dam, 
which with true engineering instinct was seized upon and kept con- 
stantly view, safe precedent, the consulting engineers, was 
the dam across the Furens, St. Etienne, France. 

But all these particulars are now ancient history, and appeal only 
the very limited number original pioneers the study high 
dams. Their only general interest lies the evidence which they may 
afford the labor and research which characterized the earliest 

beginnings the project now being carried out. doubtful 
any engineering project this country has ever been made the sub- 
ject much laborious and painstaking study that described. 
This paper, connection with the reports the Chief Engineer, 
already published, shows that these studies, taken Mr. Fteley, 
where they were left off the original projectors, were continued 
him with unabated zeal and thoroughness. 

The description the system borings and other explorations 
given Mr. Gowen noteworthy. The juxtaposition gneiss and 
limestone, with outcrops opposite sides the valley, seems 
characteristic this and the neighboring territory, and merits study 
the geologist. The disappearance and some cases reappearance 
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Mr. Gould. water the bore holes great depths certainly puzzling 


account for. Mr. Gowen calls attention the discrepancy frequently 
found exist between the character the rock revealed the 
actual excavations and that previously predicted from the borings. 
This discrepancy was also noticeable driving the tunnels the 
New Croton Aqueduct, and admonishes that while the diamond 
drill great utility preliminary explorations, its indications 
should taken with considerable reserve, and interpreted very 
cautiously. 

The quotation from Mr. Fteley’s Report (pages 
which recommends abandoning the Old Quaker Bridge location 
and building smaller dam higher the stream, excellent 
example sound engineering judgment,fand one rather surprised 
the haste with which, the face this the Commis- 
sion adopted the Cornell project. reason advanced Mr. 
Fteley for his seems, however, require some modi- 
fication. says: 

The interest the money thus saved for the present would, after 
twenty-five years, represent large part the money necessary then 
build the higher dam, with the result that the city would then have 
two dams instead one for nearly the same expenditure.” 

This result could only safely predicated the amount interest 
saved were year year paid into sinking fund, and kept intact. 
This, hardly necessary remark, would very unlikely 
carried out. 

this connection, glance the estimated amount storage, 
consequent upon the completion the present dam, will interesting. 
page this amount stated 236 000 000 galls. The writer 
has found that very serviceable formula representing the relation 
between the total storage required maintain desired daily average 
consumption throughout the year, and the daily average yield the 
source supply, is: 

365. 

this equation, total storage required; daily consumption, 
and average yield the water-shed, all the same unit. 
Let apply this formula the present case. The capacity the 
New Croton Aqueduct about 300 000 000 galls. per hours, and this 
may taken the maximum daily consumption New York, furnish- 
able this supply. The daily average yield the Croton watershed 


the Cornell Dam, will about 365 000 000 galls. per hours, 
would have then: 


000 


000 000 000 galls. 
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This would about 300 days’ supply, against 244 actually Mr. Gould. 
provided, indicating fair agreement between the two figures. 

Although this paper confined the foundations the great 
dam, cannot satisfactorily discussed without some reference the 
profile the dam itself, which shown Fig. 

The feature the profile which immediately challenges discussion 
its form below the level the original surface the ground. 
will perceived that the profile equal, approximately equal, 
resistance continued down the bed rock, some 120 ft. below the 
bed the stream. effect this greatly the footing 
course, and increase correspondingly the immense volume material 
excavated. Was this necessary, insure the required stability 

the The writer has hesitation saying that both 
from theoretical and practical considerations does not believe 
have -been necessary even advisable. understands that the 
theory upon which this profile based that the dam is, may be, 
subjected the pressure due head water extending from its top, 
through the excavation and down the bottom rock which 
stands. considers this theory inadmissible. Its acceptance 
appears lead the untenable conclusion that the deeper the founda- 
tion, the greater the hydrostatic stress. have only consider what 
monstrosity would ensue the dam were carried down very 
great depth, say 300 ft., below the surface and the profile calculated 
according this theory. considers also, that this endeavor err, 
all, the side safety is, some extent, self destructive, for 
results piling mass back-filling upon the outer toe 
the dam, adding this extra weight the already enormous pressure 
which sustaining. The additional spreading the foot cannot 
necessary resist rotation about the outer toe, because such rotation 
would impossible that depth, nor can needed prevent 
crushing. That part the structure which deeply buried and 
closely imprisoned all sides quite differently and much more 
favorably circumstanced resist crushing than that part which 
stands entirely above ground with opposing resistance prevent the 
lateral escape crushed material. this connection, the writer 
would quote what has said elsewhere, follows: 

can agree with those who maintain that the thrust the 
water from full reservoir should considered that due head 
extending from the top the dam the bottom the foundations. 
That portion the dam which buried the earth rock should, 
his opinion, considered entirely apart from the dam proper, and 
subject entirely different class stress. would consider this 
portion the structure forming, fact, part the geology the 
territory, and confine his calculations, regards the thrust the 
water, the superstructure which, standing relief above the surface 


the surrounding ground receives the pressure the water one 
side, and that the atmosphere only the 
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Apart from this feature the profile, some remarks may 
upon the dimensions given the upper portion. The calculations 
which lead the profile adopted were based upon the well-known 
empirical formulas for resistance crushing, sometimes called 
Debauve’s formulas, from the fact that they are given that author 
his Manuel del’ Injenieur,” though not original with him. 
usual assume that the profile, calculated, satisfies the condi- 
tion resistance crushing, will necessity satisfy also that 
resistance overturning. This method calculation results, re- 
gards the latter condition, profile which very light the upper 
portion and very heavy the lower. 

looking the profile very high masonry dam paper the 
eye deceives us, unless keep the scale mind. are accus- 
tomed regard such and other retaining walls, 
—in reference their apparent stability against overturning 
bodily around the outer edge. Regarded this way, the profile 
always seems be, and indeed is, skimped the top and redundantly 
thick the bottom. This appearance changes, however, when 
reflect upon the character the stress brought bear upon the base 
and all the lower portions the wall. The tendency this stress 
pulverize the bottom courses, and can only resisted ex- 
tension base beyond what would required secure sufficient 
moment resistance overthrow. use homely figure, the dam 
may compared sack meal danger bursting, rather than 
rigid body danger toppling over. 

designing very high dams, therefore, foreseeing the 
width base which will forced order meet the in- 
creasing crushing stress, instinctively economize the upper por- 
tions, influenced partly, doubt, the fact that failure occur 
anywhere, had better the top than the bottom, and also 
make the unit stresses more uniform throughout. But this economy 
this desire equalize crushing stress may pushed too far. 
seems the writer that this has been done the present case, where, 
his judgment, the outer face the dam has been hollowed out too 
much above Elevation 100. 

stated the paper that the dam has general factor safety 
against rotation. understood that all the 
water the reservoir supposed stand level with the top the 
dam, Elevation 210. This certainly extreme assumption. 
The spillway elevation 196, its length ft., and its required 
capacity rated cu. ft. per second. This would correspond 
elevation about 199, say 200 most, the reservoir. 
probable, therefore, that the dam above Elevation 100 has factor 
safety least 2.5, and rough calculation seems show this 
the case. must borne mind that these calculations 
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q 


assume purely static pressure, due absolutely quiescent water. Mr. Gould. 
This dam, however, will act the retaining wall, breakwater, 
immense and deep lake, with soundings 140 ft. direct contact with 
almost vertical back. Over this lake violent storms will rage, ac- 
companied wave action tremendous dynamic force. this 
part the dam sufficiently massive meet the shock these waves 
and hurl them back upon themselves? Hugh fields floating ice may 
expected thump heavily against the wall; heavy enough 
resist their impact urged wind and waves? say the least, 
must admit that the practical factor safety reduced 
minimum. 

The writer would favor placing earthen embankment, 
well rip-rapped the back the dam, for portion its height. 
The effects such bank would diminish the chance per- 
colation down the back and reduce still further the bugbear ex- 
aggerated hydrostatic pressure; diminish considerably the effect 
the deep wave action against the dam, and maintaining constant 
counter pressure against the back, limit the range pressure when 
the reservoir alternately full and empty. would especially 
advisable cover the entire area the refilled excavation within the 
reservoir with heavy embankment order consolidate its 
pressure the material used refilling. Plate shows that the inner 
slope the earthen dam the south side already covers, 
cover, large portion this refilling, that only extension the 
bank necessary order carry out the suggestion. 

From the start, was recognized that the chief engineering diffi- 
culties overcome the building the great dam were the 
diversion the river and the taking out the foundation pit. There 
can doubt that the plan pursued divert the stream was the 
best, and its complete success, recorded the paper, the just 
reward intelligent design skillfully carried out. There 
doubt, too, that the method adopted for taking out the excavation, 
means open cut with sloping sides, was the best under the cir- 
cumstances, and more certain success than any attempt shore 

the sides could have been. Had the superstructure been designed 
rest upon base with vertical nearly vertical sides, the suggestion 
made originally might have been revived; namely, take out two 
comparatively narrow trenches, one the up-stream and the other 
the down-stream face the foundation, sustaining the sides 
means shoring, and building these two faces first. The central 
core earth could then removed between these two walls, and 
the remaining masonry laid. Even this case, however, the surer 
plan side slopes might have been found preferable. that 
may, the work accomplished successfully.as described, 
and the present time, when the critical period has been safely 
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Mr. Gould. passed and the foundations brought surface level, there can 


nothing but congratulations all concerned carrying through this 
bold and brilliant feat engineering triumphant issue. 

The successful prosecution the work below ground depended 
upon the ability keep the pits dry. Evidently this fact was real- 
ized fully the engineers, and powerful pumping plant installed 
for the not always thus, and many operations involv- 
ing deep excavations are increased greatly cost, difficulty and 
danger inadequate and badly managed pumping facilities. 

The arrangement seems have been intelligently planned, 
and from examination the plans and descriptions contained 
this paper the writer thinks would difficult find flaw the 
general design the work, regards the handling the water 
before, during and after construction. 

interesting feature the work the earthen dam with core 
wall the south limestone side the stream. The writer has not 
noticed any explicit statement the paper why the change was 
made from masonry earth, but may inferred readily that the 
limestone rock was not considered sufficiently solid warrant 
masonry dam, pure and simple, for the entire length. this was the 
case, then sound engineering judgment was shown changing over 
may suggested, however, that the masonry dam might 
have been continued across the valley, leaving its down-stream face 
exposed, while the back was protected the earthen bank. This would 
have involved more masonry, the cost which would partially off- 
set saving the outer wing-wall and outer earthen embankment. 

describing the masonry core-wall introduced the earthen 
bank, Mr. Gowen speaks somewhat apologetically its massiveness. 
the writer’s opinion errs the other direction, and should have 
been considerably thicker than shown. Its top should, all means, 
carried Elevation 210, the same the crest the masonry dam. 
Carrying the top the earthen embankment 220, shown the 
drawings, excellent judgment. 

the concluding paragraphs the section describing the protec- 
tive work (page 20), Mr. Gowen also speaks somewhat apologetically 
the great cost this work. word apology necessary 
justify this entirely wise expenditure. Parsimony here would have 
been the falsest economy. 

The account the manner carrying the deep excavations and 
dealing with springs and fissures the rock very valuable. 
appears have been successful, and any event not open criti- 
This work could only judged the ground, and while 
actually going on. present sufficient know that what was 
attempted was accomplished successfully. 

Something said pages and about possible upward 
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water pressure against the bottom the the dam. Mr. Gould. 


The writer considers that all apprehension danger from such action 
groundless. When the small proportionate area which any 
event could exposed this action taken into consideration; when 
capillarity and friction are given their due weight, and when 
remembered that the worst would hydraulic, not hydro- 
static, pressure that could take effect, there would always line 
escape below the dam, will realized that this danger dwindles 
down negligible value. The writer would class fears this 
nature with those which prompt continuation the theoretical 
profile down the deep-seated rock. 

All the foregoing remarks apply what may called, distinct- 
ively, the engineering features the work. The constructional 
details are also very interesting. 

Before commencing lay the masonry the foundation pit the 
main dam, stated that the rock bottom was painted with grout 
neat Portland cement, which was allowed set before commencing 
build. The writer would question the wisdom interposing film 
cement between the rock andthe masonry. prefer bed 
the stones directly upon the sharp, clean rock. 

The arrangement the derricks and the racking the work 
described and shown Plate Fig. were judiciously planned, and 
calculated secure rapid, systematic and substantial work. The 
cable-way does not seem figure this part the work. not 
stated whether the Portland” mentioned was American foreign, 
nor whether the cement was the Portland Rosen- 
dale type. This leaves little the dark respecting the relative 
merits the American mortar, and the Portland, 

The stone used under the name probably syenite, 
differing from granite gneiss that the quartz replaced horn- 
blende. 

The precautions taken bedding the stones, described page 58, 
are those necessary secure good hydraulic masonry. proba- 
ble, however, that the work progressed and the gangs became 
broken the requirements the inspection, the beds were prop- 
erly prepared once, without the necessity raising every stone 
order rebed it. Foremen accustomed only ordinary first-class 
masonry, such bridge abutments, are apt dismayed first 
the lavish use mortar required hydraulic work. They soon 
realize however, that, even when mortar thrown the shovelful 
none need wasted, for the surplus forced out the stones 
they are laid, and goes form the bedding the neighboring ones. 
Specimens the work are shown Plate XII, and larger scale 
Fig. Plate XI. the latter figure some hammer-dressing 
possibly plug and seems have been used secure 
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approximately vertical joints and horizontal beds, and these 
respects the work satisfactory. must recognized, however, 
that the stones are badly shaped for substantial work. Unless they 
are all headers, which would bad construction, they are nearly all 
too high the rise for the length bed, making them top heavy and 
rendering next impossible secure good bond, plainly 
seen the figure. Ina wall the immense thickness the main 
dam true that many defects this sort are comparatively little 
moment, for the wall must considered the mass, and besides, 
tower strength, and covers many sins. But the case light 
work, such the center wall the earth embankment, the stones 
should got out such shapes that each individual piece 
stable equilibrium when laid the wall with its best bed down. 
They should admit being laid readily, with perfect interlocking 
bond, every vertical joint being well capped the stone above it, the 
bond being maintained, not only the face, but throughout the 
entire body the work. Plate XII, showing the unfin- 
ished end the spillway, tendency may seen produce triple 
wall, that is, build the two faces first, and fill between them 
afterward. Unless the greatest care taken prevent it, thin work 
will almost always built this way, but the result weak combi- 
nation, and the tendency should carefully guarded against. 

The prices paid for the different classes work furnish valuable 
economic data. The price rubble seems very low, although the 
facilities for using large stones and working generally good advan- 
tage, are very great. prices paid for excavation, both rock and 
earth, the other hand, seem high. price stated for refilling 

The over-running the time limit work carefully planned, 
and which there were blunders correct, nor extensive addi- 
tions made after the work was commenced, suggestive the pres- 
ent time when other gigantic undertakings are contemplated the 
city. 

this paper relating the borings for determining the nature the 
foundations are especially interesting the writer, well the 
observation that, the Croton Valley, wherever the bed-rock ap- 
peared one side, almost invariably dipped down sharply the 
other side depth which would impracticable establish 
foundation. 

This general condition, modification it, found frequently 
streams issuing from the granitic rock horizons the Adirondack 
mountains New York. The writer has found repeatedly his 
extended series examinations sites for storage dams that region. 
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why this phenomenon repeatedly occurs, the geologists are Mr. Rafter. 


silent; and thus far the writer has been unable assign any explana- 
tion. Certainly, view the large amount high dam construction 
now projected the State New York, answer this question 
would useful, for other purpose than tell many cases 
what avoid. answer desirable further the general principle 
that, with the reason fairly understood, may hope find more 
easily the point minimum resistance—that say, the location 
given stream where the conditions are, the whole, the most 
favorable. 

solution this problem, the writer considers that un- 
doubtedly will come through better understanding the laws 
governing glacial drift and the complex phenomena surface 
geology, generally. 

stated, some the Adirondack streams present modification 
the condition described Mr. Gowen, namely, the bed-rock 
frequently shows one side the valley, dipping down few feet 
below the bed the stream and then running off the other side 
either horizontally approximately so. This was the condition 
Indian Lake, where dam ft. high was erected 1898. far 
the studies have been carried, the condition Boreas and Cheney 
Ponds, Tumblehead Falls, Conklinville and other points proposed 
sights for high dams the Adirondack region, and some 
the details may obtained reference the writer’s reports the 
Upper Hudson storage surveys. 

the writer made series studies for high dams the 
Genesee River ranging from about 100 ft. 175 ft. total height. 
the work the Genesee Valley, 1893, the rocks dealt with were 
the rather soft and friable Genesee shales. general terms, the 
problem was find material hard enough carry securely the super- 
imposed weight and, the same time, insure water-tightness under 
the foundations and the ends. 

was deemed desirable use the diamond drill extensively. The 
cores taken out showed that the first ft. the rock founda- 
tion, while evidently capable carrying the proposed loads, was 
defective that there were many minute seams through which con- 
siderable water might expected escape when under pressure. 
order gain some idea just how serious matter this might be, 
water pressure was applied drill holes after the drilling was 
finished, the use packer, placed different elevations 
the holes. Water was forced below the same means pipe 
passing through the packer. Space will not taken describe 
detail the arrangements for accomplishing this, because illustrations 
such rubber packers may found the catalogues firms dealing 
well supplies. Moreover, the appliances and the results attained 
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Mr. Rafter. have been described the writer somewhat detail his reports 


the Genesee River storage, for 1893 and 1894. The object referring 
the matter all this occasion chiefly complete the literature 
the subject the Transactions this Society. far the writer 
aware, his methods using water under pressure for testing the 
quality rock foundations, worked out 1893, were somewhat 
advance methods used previously.* 

illustrate the methods used and the results obtained 1893, 
the following abstracts from the log the tests, kept from day 
day, are presented: 


October 17tn, 1893.—Tested drill hole using rubber packer 
set ft. from top casing. starting pump, gauge showed 
and pressure rose gradually 110 lbs. pressure the 
hole took all the water the pump could deliver. After pumping for 
hour with the packer Elevation 539.5, disconnected and found 
that water ran slowly from top pipe, about ft. above surface 
ground (Elevation 594.0), thereby showing that small head had been 
gained atthe sides. Packer was then raised Elevation 559.5 (top 
rock 565.2), and the pump again connected. With the pump full 
capacity, the pressure was only lbs. and more could gained 
however rapidly the pump was run. The clear inference that 
between Elevations 539.5 and 559.5 there are seams fissures which 
allow water flow out the drill hole when under about 
pressure. 

October 19th, 1893.—Tested drill hole ZZ1. Packer was first set 
ft. above bottom (Elevation 532.5). Pump stalled 100 lbs. 
pressure. Raised packer gradually, packing every few feet 
setting pressure above against pressure water from below. this 
way the hole was tested for its entire length and found stand, 
stated, 100 Ibs. the bottom, and from lbs. the upper 
part. 

October 31st, 1893.—Tested horizontal hole foot Hog-back. 
Set packer ft. in, ft. from end. starting pump, gauge 
showed 100 lbs. and rose gradually 140 lbs. Released packer and 
stopped every ft. until 54.5 ft. from bottom was reached. this 
point gauge dropped 100 but minutes advanced again 
140 and minutes more 150 where remained for 
minutes and then dropped the steam pressure remaining 
the same. hour and minutes the pressure was lbs. this 
point water dripped from the side the Hogback for some distance 
the South. 

November 2d, 1893.—Repeated the foregoing test with packer 
ft. from bottom hole, and with qts. wheat bran below packer. 
Pumped with 100 pressure for hours without effect. 

November 2d, 1893.—Tested hole 42, 250, Hogback 
location. Hole ft. deep, ft. rock (elevation bottom 503.4, 
top rock 571.4). Set packer 8.5 ft. from bottom. Gauge showed 
165 lbs. Raised packer Elevation 524.4, and pressure dropped 
Disconnected and put qts. bran, whereupon pressure 
rose 170 lbs. Raised packer Elevation 534.0 and still maintained 
same pressure. Elevation 536.0 pressure dropped 100 and 


Report Genesee River Storage Surveys, Annual Report the State Engineer 
and Surveyor New York, for 1893, 416. Also, same report, 1894, 360. 
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remained that point even after the addition bran. Mr. Rafter. 


Pressure finally fell and remained there for hours. While 
pumping this hole, water ran from casing 42, 350. 

November 4th, 1893.—Tested 42, 350, Hogback location. 
Set packer ft. from bottom (elevation 518.0), and obtained 
pressure. Added qts. bran without effect the pressure. 
hours the pressure rose gradually Coloring matter was 
added, and showed the water flowing from casing hole 42, 
250. pump, was found that water pumped into hole 
had acquired back pressure lbs. disconnecting, water ran 
from pipe for hour and minutes. This test indicates not only 
connection between hole 42, 250, and this one, under the 
river bed, and independent it; but also shows backing up, probably 
vertical seams, the sides the gorge. number other tests 
this site gave the same result. one them the back pressure 
increased gradually from lbs., where remained stationary 
during pumping. Water was then discovered run- 
ning from fissure the rock side the gorge over 100 ft. above the 
river surface and several hundred feet away. 

November 24th, 1893.—Tested 70, 750, Site No. 
Set packer ft. from bottom. rose 180 when pump 
stalled. Raised packer ft., ft. from bottom, when pressure 
rose first 170 but few minutes fell 120 lbs., where 
remained for minutes, and finally fell 100 lbs. Uncoupled and 
added bran, when pressure rose from 100 lbs. Raised packer 
ft. from bottom and gauge showed Again added bran 
and gauge rose lbs. With packer this elevation gas issued 
from casing hole 70, 850. Upon raising packer ft. 
more, larger quantities gas flowed from the hole. The packer was 
raised and lowered times with like results, showing connection 
between the two holes about Elevation 548.0. 

The use wheat bran, referred the foregoing, was for the 
purpose determining whether not the seams permitting the 
escape water were minute open texture. When minute, the 


fact was shown quickly and the use very small quantity 
bran. 

1896 the final studies for the Genesee storage dam Portage 
were made. very simple conditions prevailed. The rocks dealt 
with were the comparatively hard sandstones the Portage group, 
and few borings followed water-pressure tests removed all uncer- 
tainty the nature the foundation. The writer has doubt 
that diamond-drill cores and series water pressure tests properly 
carried out can made yield more for given expenditure than 
any other method investigating this specific problem thus far 
devised. Indeed, there really other satisfactory method 
investigation. 

view the interesting and valuable results obtained, even from 
observation loss drill water the New Croton Dam, seems 
unnecessary dilate length the practical value such tests. 

The method stopping cavities forcing plastic clay inter- 
esting and undoubtedly new most engineers. Mr. Gowen fortu- 
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nate the considerable number either new, substantially new, 
details developed the work under his charge, and which has 
presented this paper. 

valuable contribution practical knowledge masonry dam build- 
ing, particularly where the bed-rock the site inferior character. 
contains many interesting data relating the treacherous nature 
limestone formations. Every student the stability musonry dams, 
however, will feel certain amount disappointment the fact that 
systematic efforts were not made determine the amount and extent 
the expected up-lift the base the dam, due the upward 
pressure the ground-water when the lake filled. 

will remembered that during the building the Vyrnwy Dam 
Mr. Deacon went much expense and made many useful experiments 
with the view determining the amount and extent up-lift the 
base the dam, and the results were both instructive and thoroughly 
convincing. 

The mammoth dam now being built the Cornell site, based 
seamy bed-rock full running water, certainly furnished rare oppor- 
tunities for making further valuable experiments the same direction, 
and seems strange that some efforts were not made get more ex- 
tended information this all-important subject, and great 
additional expense. extremely doubtful how much this up-lift 
can suppressed grouting wet seams and filling cavities the 
limestone bed-rock. Where hydrostatic pressures are great, they will 
this case, hard understand how the up-lift will confined 
the mouths the bed-rock fissures exclusively. 

The author states that great many test holes were drilled and piped, 
the ground-water some rising ft., with the lake yet empty. 

hoped that some these pipes have been, and will be, 
maintained and continued vertically through the completed dam, 
with the view noting the changes the pipe water-levels the lake 
fills up. 


his paper The Foundations the New Croton Dam,” the writer 
did not anticipate that the question the section adopted would 
raised the principal point one the discussions offered, and 
would, for obvious reasons, prefer leave the further discussion 
this point those who were originally more interested than the 
matter. Nevertheless, the following offered reference this 
question, connection with his reply the other points raised 
Mr. Gould. 

the writer understands it, the following were the principal con- 
ditions governing the design the section: 

The water level when the basin was full was taken Elevation 206. 
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surface. 


The back pressure due the water the down-stream side (water- 
table level) was also taken into account and allowed for. 

Pressures (calculated) were limited tons per square foot the 
base the structure (rock surface), and the lines pressure were 
kept well within the middle third the section any assumed level. 

The above conditions are stated because Mr. Gould seems have 
been error understanding that, the calculations, Elevation 210 
was assumed high-water mark and that the profile equal resist- 
ance was continued down bed-rock, 120 ft. (instead ft.) below 
the bed the stream; while, the elevation the overflow 
provision has been made for increased height means flash- 
boards some future time, and high-water elevation 206 not im- 
probable. 

additional thickness section was made account possible 
ice pressure wave motion. fair assume that the extensive 
located close proximity the main dam will operate 
ordinary high water relieve the lake extensive areas ice nearly 
effectively were the main dam proper, while the width 
the structure the top (Elevation 210), necessary for roadway, gives 
additional weight and stability the section immediately below. 

Mr. Gould maintains, apparently, that account need taken 
pressures below the restored natural surface, below which the founda- 
tions may lie, and that spreading the should take place 
below this level. other words, that the structure should 
designed only with reference its height above the restored natural 
surface; that the base which rests should limited vertical 
sides; and that dependence should placed upon the weight the 
refill for resistance crushing and overturning, both which tend- 
encies would necessarily increased greatly the narrow foundation 
width. support this assumption has stated that would 
consider this portion the structure forming, fact, part the 
geology the territory,” which would seem mean that the founda- 
tion wall must taken equal the ledge rock below, least 
its capacity resist crushing strains, and that the refilling restored 
material must compact was originally, before excavation 
was made, order effective possible against tendency 
overturn. not this assumption extreme? 

Further on, Mr. Gould states that the tendency the stress, the 
base and lower portions the wall high masonry dam, pul- 
verize the bottom courses, and that can only resisted exten- 
sion the base beyond what would required secure sufficient 
moment resistance overthrow. then compares such section, 
perhaps not inaptly, bag meal danger bursting. When, 


Water pressure was assumed obtain the level the bed-rock Mr. Gowen. 
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however, proposes extend such for indefinite distance 


below the ground surface, and depends upon the refilling counteract 
the bursting and overturning tendencies, would seem the writer 
that the plan somewhat analogous that packing the bag 
meal shavings avoid further chance rupture the bag. 

may interest compare results obtained Mr. Gould’s. 
formula for determining the required storage, with results derived 
other methods, and case the New York City water supply 
assume 280 000 000 galls. per day—which all that the Croton 
calculated supply dry years—and 360 000 000 galls. per 
day, which may taken fairly conservative estimate the average 
yield the water-shed, deduced from observations extending 
from 1870 1894, inclusive, have the required storage— 

Deductions the basis the Sudbury River records from 1875 
1895,* inclusive, would give the following the required storage 
for dry year supply 280 000 000 galls. per day— 

Area Croton water-shed 361 sq. miles. 

280 000 000 
361 
per day required. 

This requires storage per square mile water-shed 200 000 000 
galls. prevent deficiency dry year, total storage 
200 000 000 361 200 000 000 galls. 

Later computations the yield the Croton, which the gaug- 
ings flow have been continued nearly date, show continued 
close approximation between the actual average daily yield and the 
required storage deduced through the medium Mr. Stearns’ 
tables based the Sudbury flow, and the actual storage planned. 

The question trenching the outline the foundation order 
save the excavation self-supporting slopes was fully considered, 
connection with the general problem presented the matter the 
earth excavation the dam, and the writer the opinion, judging 
from the experience had with this part the work, that neither time 
nor expense could have been saved such methods. The mainte- 
nance and drainage trenches sufficient for the purpose, which 
the limestone side the foundation would have had carried 
varying and great depths into the bed-rock, would have proved espe- 
cially expensive, well tedious, and, even with the trenches estab- 
lished and the retaining walls built them, the resumption the 
interior excavation work would have tended cause delay and con- 
fusion, the excavation and masonry work would have had 


776 000 galls. per square mile average yield 


Am, Soc. Report Massachusetts State Board 1890. 
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carried close proximity place where lack working room 
was always hard condition meet. 

The main consideration governing the change resulting extend- 
ing the main dam farther into the side hill was the reduction the 
height the embankment the south end the dam. The maxi- 
mum height the embankment above the level the restored surface 
will now about ft. Another advantage gained that the hard- 
pan the core-wall trench extends the rock foundation for the full 
length the trench, the juncture the wall and the main 
dam. 

The extensive bank hardpan the south side the valley 
made practicable introduce the core-wall and embankment features 
into the design the dam and was, fact, one great reason for seri- 
ously considering this location feasible and advisable, under certain 
circumstances, the beginning. 

The core-wall planned stop Elevation 200, the water 
the basin will not rise above this level except for short intervals 
time, and the embankment, this elevation, will fully 130 ft. thick 
and well paved. 

the possible upward pressure due percolation under the 
foundations: Mr. Gould alludes fears this score groundless. 
this the writer fully agrees with him, but must not lost sight 
that Mr. Deacon, building the Vyrnwy Dam, established series 
collecting and discharging drains the body the dam, antici- 
pation possible percolation tending influence the structure’s 
stability. 

The query regard the cement used pertinent, and more 
definite statement warranted. The Portland cement thus far used 
American Portland, Giant Brand, while the term American 
cement” alludes light-burned cement. this, large quantities 
have been used—mostly the Union and Bridge Brands—the former 
Lehigh Valley and the latter Rosendale cement. 

Regarding Mr. Gould’s 1eference Fig. Plate XII, and his criti- 
cism the shape the rubble stones used for the up-stream facing, 
may said that the effort build face with small amount 
joint surface (requiring spawling and pointing) possible, the 
ordinary rules governing the proportions between the height and 
width stones may have been ignored attimes. This, would seem, 
was warranted when the great thickness and monolithic character 
the structure considered. 

The writer regrets that Fig. Plate XII, should show question- 
able streak near the middle the unfinished end the spillway. 
This streak was due the wash surface material from above, and 
glad assure Mr. Gould that the workmanship this point 
compares very favorably with that any other point the structure. 
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Mr. Rafter’s account the use rubber packer connection 
with the diamond drill interesting and valuable, and the writer 
fully agrees with him that through the water pressure tests oppor- 
tunity offered for very complete utilization diamond drill 

The results shown the quotations from the log the pumping 
tests are remarkably well defined, and the back pressures obtained and 
flows traced, distance and comparatively high elevations, are 
notable, only indicating the extent which such tests can 


used the examination and tracing particular seams, well 
masses rock general. 
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pertinent, but possibly has missed, has not emphasized suffi- 
ciently, the principal difficulty, namely, the errors made planning 
the work. may possibly shown the best advantage 
Table No. which gives the Engineer’s estimate quantities and 
prices, the contractor’s bid those quantities, and the approximate 
final estimate given the author. 

was estimated that more than miles swamp could drained 
and kept free from water cost was this lack appre- 
ciation the influence water marl and clay that nullified the 
for, after the first season, there was virtually contract 
between the State and the contractor, but, use the words 
Cooley, Am. Soc. E., contractor had license prosecute 
the work his own price and his own specifications.” 

was well known that with the first canal, built 1816 1825, 
there was much difficulty what became known Jordan 
was not then notorious was under the enlargement 
1836. The author has stated that three contractors abandoned the 
work, and that, eventually, the bulk was done the State. The 


Continued from February, 1900, See December, 1899, Proceedings, for 
Paper William Landreth, Am. Soc. E., this subject. 
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Mr. North. TABLE No. anp 


ENGINEER’S 


Items. Aggregate. 


yds. abutment culvert and receiver masonry 6.50 525.00 
$141 


These piles were various prices. 


prism the canal, however, was not thoroughly excavated, and when 
that was done there was saving one-third the traction necessary 
draw boat through it. 

Without engineer’s knowledge the work done and 
engineer’s plan which that work, impossible cope 
satisfactorily with difficulties which may arise. This statement 
made emphasis of, rather than opposition to, anything Mr. Rafter 
has said. The relations between the specifications and the economical 
and possibly the successful conduct the work rather interesting 
view the recommendation the Canal Committee the State 
New York, which has recently made report the subject. rela- 
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APPROXIMATE FINAL ESTIMATE. 


Prices. Aggregate. Quantities. Prices. Aggregate. 


0:70 350.00 526 0:70 
0.10 50.00 400.70 
0.15 75.00 650 0.45 897.50 
50.00 250 50.00 
16.00 640.00 16.00 470.40 
6.00 300.00 859.9 6.00 
2.47 800 2.47 101 656.00 
0.50 5.00 240 0.50 
5.00 220.00 5.00 220.00 
0.40 200.00 680 0.40 
176 440 0.02 528.89 
0.05 175.00 000 0.05 


Add this: 
Force account work....... 982.14 


increase 286% over the price bid the 
contractor. 


December, 1899, Proceedings. 


tion the crying evil unbalanced bids, and has been crying 
evil the canal ever since 1836, the committee proposed take 
action making schedule prices, the French do, which the 
price each item fixed, and then allowing the contractor bid 
either discount premium those figures. This would apply 
all figures; thus, the price earth was cents, and rock 
cents, contractor might bid discount 1%, premium 2%, 
and would affect both the earth and the rock. The plan proposed 
would apparently eliminate all trouble caused unbalanced bids, but 
would without influence imperfect specifications, and the great 
expense incurred Section No. the Middle Division was caused 
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imperfect specifications well lack engineering knowledge 
handling the work. The case was atrocious. The contractors bid 
000 drain 6.3 miles swamp. They were allowed close the 
natural watercourses which drained into the canal and thereby turn 
the swamp into pond. They knew that the banks were soft and slip- 
pery, and yet they were allowed surcharge them with the material 
excavated from the canal. 

The bottom the bank the berm side averaged ft. width, 
and the height was about ft.; the tow-path side the dimensions 
were somewhat greater. Asa result establishing and maintaining 
pond water behind this bank was impossible excavate the 
material lay slope walls. 

Instead holding the contractors their contract they were given 
easement more than $46 000 the items digging ditches, and 
payment 400 for pumping. 

first may seem somewhat brutal the contractor say that 
should have done his work the price bid, but the case the 
Chicago Main Drainage Canal might cited, where contracts were 
taken with somewhat the same mental attitude that the con- 
tractors Section No. When the contractors said they wanted 
relief they were told that relief would granted, but that, 
sureties were abundant and satisfactory, the work was not done 
them, would done the Main Drainage Commission and paid for 
the sureties. After time the contractors did the work, and not 
only without loss, but ata rumored profit about per cent. rela- 
tion this work, the engineers the Main Drainage Canal said, with 
pride surely, and possibly with justification, that the Chicago con- 
tractors, paying $1.50 for their poorest workmen, could have constructed 
the North Sea and Baltic Canal, for which the German engineers paid 
cents for their best workmen, and have made more money thereon 
than the Germans. 

The entire science handling earth and rock (quicksand and hard 
pan being included with earth), has been advanced more materially 
the attitude assumed the Main Drainage Canal than any 
other act engineers, directors commissioners during the preced- 
ing ten fifteen years. The speaker thinks that the State Engineer 
had said the contractor, worth more than this can possibly 
cost, and will take the last cent you have and finish that work,” 
that the work would have been done the contract price without 
much loss. 

The literature quicksand not, the whole,voluminous, and 
greatly lacks defining power. Mr. Hazen’s discussion probably gives 
the most definite information record, and the most workable theory 
for quicksands which not contain clay. immediately seen 
that sufficient volume and velocity uplifting water would turn 
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boulder bed into quicksand for the time. 
would become firm immediately the withdrawal the upward 
current. This cannot asserted The relations 
between the included water and the earth are, some quicksands, 
mysterious, and while all quicksands become stable when dry, others, 
particularly those containing clay, will quake after they are apparently 
dry. 

The late Charles McAlpine, Am. E., describes 
quicksand the last-mentioned variety very fully paper read 
before the Society 1881.* says: 


Although its name conveys the idea mass sand, surcharged 
with water until becomes quick,’ susceptible easy movement 
agitation, suggesting actual life, yet engineers know only too well 
that this not the most troublesome member the family. 

The one that causes the most trouble, and here treated of, 
argillaceous material containing silex grit, comminutes com- 
pletely, and usually leaden color its natural state, and nearly 
white when thoroughly deprived water. 

free from sand that can used with good effect 
polishing cleaning silver and the softer metals. 

* * ok * * * * * 

far possible, all traveling over the surface while being thus 
ditched was prevented, agitated the material, and caused 
retain the water more obstinately. 

After night’s quiet rest, and the great withdrawal water 
through the ditches, the surface was good condition for excavating 
and the material, the words the workmen, would then ‘shovel 
like ashes.’ 

* * * * * * * * 


Care should always had withdraw the men and teams 
ouce from any place which indicates that again becoming quick,’ 
from the disturbing effect repeated traveling over its surface. 

Nothing gained working longer, when this important ques- 
tion rest involved. 

* * * * * * * * 

lump this quicksand, apparently dry, may very often 

Hard and apparently dry lumps will often become wet and pasty 
their way the dumping ground, much require addi- 
tional labor remove them from the 

That all the above did not preclude, Mr. McAlpine’s mind, 


such quicksand specified Mr. Hazen, shown the following 
quotation: 


may assumed generally that the special mobility such 
sands depends upon the presence water filling the interstices the 
mass. The mass yields pressure conformity the laws 
liquids semi-fluids, varying with the degree quickness. The 
degree quickness depends upon, first, the gravity the sand; second, 
upon the smoothness the surface the particular grains sand; 
and upon the abundance the water present with it.” 


Transactions, Am. Soc. E., Vol. page 275. 


The material, however, Mr. North, 


i 
1 
7 


Mr. North. 


454 DISCUSSION JORDAN LEVEL, ERIE 


Mr. McAlpine may have misnamed the material quoted, but many 
engineers have met with something very like it, and generally 
called quicksand. 

While cannot doubted that quicksand may entirely free 
from clay, like the samples referred Mr. Hazen, seems equally 
certain that sand, the usual acceptance the term, may wanting, 
that clay which drying becomes hard and resonant when struck 
can washed from some, not many, samples quicksand. 


Am. Soc. E.—The speaker has held ideas 
the difference between ordinary sand and quicksand, which can prob- 
ably illustrated best comparison between pile loose rock, 
the ordinary sand, and pile cobblestones, the quicksand. 
That is, quicksand merely rounded sand, water-worn air-worn, 
and, while Mr. Landreth has made distinction including pro- 
portion clay, Mr. Hazen seems have ignored that classification. 

Some years ago the speaker was asked report foundation for 
six-story building, which large proportion the weight was 
concentrated upon one column. Sand, which was thought 
quicksand, had been encountered the excavation, and was ques- 
tion whether not would safe place large mass 
concrete it. After examining the sand the speaker reported that 
was the ordinary wedge-shaped, sharp-edged sand, and that there was 
fear any flow. The building was erected, and settlement 
occurred. the speaker had found that the grains were rounded, 
would not have dared put the structure it. 

classify quicksand any other way than the rounded char- 
acter its particles opens the field speculation, and clouds some- 
what the broad definition upon which engineers have depended for 
number years. For this reason the speaker believes that 
would well determine now the difference between quicksand 
and ordinary sand. 

The principle the wedge-shaped sand very forcibly illustrated 
the practice the French engineers building one the bridges 
over the Seine. The ends the centers the bridge were supported 
large boxes sand. The boxes had loose tops, and the longitudinal 
frames the centers rested thereon. There was faucet the side 
each box, and, when the centers were struck, they simply 
opened each faucet and the sand flowed out slowly with certain 
velocity. this means the centers were lowered very carefully and 
without shock the structure. 

The sand used was the ordinary cubical sand, and the vertical 
pressure had effect the flow. The sand fell account its 
own gravity alone. the sand grains had been rounded form, 
they would have flowed out with velocity due the pressure upon 
them. 
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for the foundations for the Mail and Express Building, New York City, 
the speaker encountered extremely fine micaceous sand, designated 
the contractor quicksand. was ascertained that the Western 
Union Building, adjoining, was founded soil the same character, 
and that the foundations were sustaining safely load about 
per square foot. the site the latter building there were driven 
wells which had been used for water supply some years previously. 
After pumping for short time the water began appear slightly 
cloudy, and the building began settle. When the pumping was 
stopped, the building stopped settling. 

The pressure the foundations the Mail and Express 
about tons per square foot, and the building standing satisfac- 
torily. There was initial settlement, uniform throughout the entire 
building, about in., compressing the top sand, after which there 
was further movement. 

Within year thereafter the speaker designed the foundation for the 
Pierce Building, with unit loads tons per square foot, standing 
mixed gravel and sand with rounded edges, about ins. below the 
water-line, and with egress for the water. That building stood 
satisfactorily, without any settlement. 

Some years later, the Exchange Court Building lower Broad- 
way was erected, the excavations being carried about ft. below the 
water-line. The character the sand above the water-line was iden- 
tical with that the Mail and Express Building. the excavation 
was carried below the water-line, the sand began flow in, spite 
rather carefully driven sheet-piling for the foundation pits, the 
rapidity the flow increasing with the depth. one the pits, 
about ft. square, nearly cubic yard sand came during the 
night. 

seems the speaker that Mr. Hazen’s definition quicksand 
more nearly correct than that common use New York City, but 
errs omitting recognition the qualification that not quicksand 
unless there forthe water. Thatis, material may possess all 
the elements quicksand, and yet perfectly stable and safe use 
for foundations until vent provided forit. such material 
called quicksand, the owner imagines that the building must sink into 
it, alarmed, and harm done; proper design adopted for the 
foundation the material not, and probably never will be, quicksand. 
Any sand which fine called quicksand contractors, and they 
invariably claim that contains loam. mixing with water, 
shaking up, and drawing the water off, the speaker has tried 
ascertain whether not there actually was any loam clay 

much the material called quicksand, but, far has been 
able see, there clay, but the sand very fine. The mica- 


Am. Soc. E.—Some years ago, excavating Mr. Hill. 
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ceous sand excellent for foundation purposes, and, although slightly 
present and there opportunity for flow off, even though 
there may not excess moisture, the material will flow. 


Tarr, Assoc. Am. Soc. E.—The speaker pleased that 
the discussion has avoided the canal portion Mr. Landreth’s paper, 
and has brought out the interesting discussion quicksand. The 
speaker wishes correct any false impression which Mr. North’s re- 
marks might convey any member not familiar with the contracts 
and specifications the 000 000 canal improvement. Mr. North 
states that the contractor got $46 000 extra for bailing and draining, 
which should have been made for the original bid 000. 
The $46 000 was paid the contractor the very low excavation price 
274 cents per cubic yard for material removed swamp when 
constructing side ditches loss, and these should have been esti- 
mated originally the engineer, therefore this sum was not 
present. 

There was great deal extra work this contract, which should, 
and usually does, represent some profit, but the sub-contractors, who 
got these supposed benefits, are bankrupt to-day. The unusually 
good quality the work done, the demanded the contractor, 
and the final non-payment for work done, through selfish, incom- 
petent State officials, made the Erie Canal experience very costly for 
the majority the contractors. 

The competition contracting to-day causes very low prices, and 
lengthy obtuse specification, contractor, get the work, 
has take the cheapest interpretation what required 
do, and bid accordingly. Nearly all the contractors with whom the 
speaker acquainted are men who will accept the loss due mis- 
interpretation, and who will the work required the specifica- 
tions and contract, but when, contract calling for thirty-nine 
items, one alone which, total $154 000, increases from 000 
$49 000, and decidedly the fault the contract the 
speaker cannot understand how honest fair-minded man, par- 
ticularly one familiar with all the conditions, can state that the con- 
tractor should have been made this enormous necessary amount 
extra work for nothing. 

Instead taking from injuring contractor who has much 
with which contend, the engineer and contractor should both work 
together for the good the work, the engineer seeing that gets 
his money’s worth, but the same time not using his power get 
something for nothing, old-time policy not followed all 
engineers. 

Quicksand, with which the speaker has had considerable 
during the past twelve years, such bugbear that when contractors 
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encounter any kind moist sand quite natural for them call Mr. Tait. 


quicksand, Mr. Hill remarks. 

Any sand, even the sharp angular kind, will run, even 
head only one foot, but contains clay, the grains are 
not rounded, can controlled readily sheeting and pumping. 
the other hand, the sand fine and rounded and contains clay, 
great trouble experienced. cases where the sheeting 
driven far below the bottom the excavation, this material may rise 
the center and cause the sides the excavation cave in, thus 
producing excessive unbalanced pressures the sheeting. 


Am. Soc. E.—It would very desirable, Mr. Whinery. 


were possible, have correct and comprehensive definition 
quicksand, but the speaker’s experience has been (and thinks 
the experience many others), that, after settling upon what seemed 
the time the proper definition, the very next case likely 
contradict entirely. 

During the construction railroad Western Indiana, some 
years ago, making not far from stream, but well above its 
water level, quicksand was encountered the plows and scrapers 
and stopped the work that point. investigating rude way 
was found that 10-ft. fence rails could pushed down for their 
full length quite readily without reaching the bottom the 
quicksand. 

The sand was very fine, and was almost free from any admixture 
clay other foreign matter. Apparently, there was possibility 
the existence the conditions which Mr. Hazen refers, that is, 
its being buoyed arising current water. true, the 
sand was filled with water, but this water was, apparently, 
quiescent state. There were known exist the vicinity. 
The depth the deposit was not ascertained, but seemed con- 
tained pocket surrounded impervious clay. The case was 
dealt with beginning the excavation the lower end the cut, 
where the grade was lower, and working the grade with deep side 
ditches until the deposit was reached. The water the sand then 
drained out, the material became quite hard, and was then excavated 
with plows and scrapers. The sides the cut were dressed the 
usual slope, and they have stood quite satisfactorily ever since. 


not often foundin print. Engineers are generally chary 
about publishing accounts their troubles practice, and rightly so, 
because the irresponsible critic the most active all. 

When working treacherous ground, such described the 
paper, the engineer often his wits’ end know the best way 
meet existing conditions. many instances seems Nature 
took malicious delight defying requirements the best 
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laid plans and specifications, based the most trustworthy infor- 
mation. 

The troubles depicted graphically the author excite the in- 
terest and sympathy any engineer who has had the misfortune 
caught such trying position. The simple and effective methods 
adopted overcome local obstacles are certainly highly commendable. 

The laws hydraulics and hydrostatics have been well developed 
experimental investigators, but the laws governing the dynamics 
and statics mud have yet formulated practical shape. 
June, 1826, the Liverpool and Manchester Rail- 
road, miles embankment cost nearly $150 000, and took months 
complete. The indomitable pluck and tireless energy the en- 
gineer, George Stevenson, prevailed finally and left monument 
name. 

The writer was interested case which was particularly trying, 
and, first sight, seemed impossible 

proprietor desired improve tract marginal marshland 
raising well above the effects tide water lake. The marsh- 
land was underlaid plastic blue mud which rested upon solid 
bed yellow clay hardpan, the latter having natural slope about 
13% toward the lake. The mud, high-water line, was about ft. 
deep, making the outlook rather unfavorable. The case was compli- 
still further the proximity deep-water channel and 
system tidal sluice gates front of, and parallel to, the shore line. 
This channel could not incroached upon pushing out the marsh 
mud under the pressure the proposed new filling. The problem 
was, nevertheless, solved successfully follows: 

First.—A trench ft. ft. wide was excavated along the irregu- 
lar line high water outer edge the marshland. The material 
taken out was deposited the edge the trench next the high 
land, the top width the bank being sufficient for two runways for 
wheelbarrows. 

Second.—The work filling with heavy sandy material was then 
begun and along the segregation line, advancing gradually toward 
the lake. the filling progressed, course, settlement commenced, 
and the material the bottom the trench began spring up. 
force 100 laborers and excavators had all they could excavate 
and remove the material from the rising bottom fast came up. 
This process was continued until the entire marshland was filled 
solid down hardpan, and all settlement had stopped. 
notable fact that the total yardage thus taken out from the bottom 
the trench was approximately the same the total yardage heavy 
material the filling below the level the marshland, namely, some 
140 000 cu. yds., and yet, after the completion operations, the di- 
mensions the trench were the same the beginning. 
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would appear, therefore, that the trench simply afforded 
natural vent for the escape imprisoned mud compressed the 
weight the advancing filling deposited the marshland. this 
means these lands were filled successfully without crowding the 


mud into the channel-way front the property any appreciable 
extent. 


Assoc. Am. Soc. (by letter).—It may 
interest, connection with the discussion the subject 
quicksands, present some data regard the actual size the 
particles several such sands which have recently been examined 
the New York Testing Laboratory the writer. 

These sands were from the following sources: 

No. 


Valley Sewer, Section 26, Station 50. 
When wet, extremely difficult 


Valley Sewer, Section 26, Station 80. 


under peat. Very troublesome excavate, and difficult 
hold trench line and grade.”’ 


Valley Sewer, Section 26, Station 
difficult handle. Squeezes trench badly.” 
Eppy, SUPERINTENDENT SEWERS, WORCESTER, 
724 see The Engineering Record, March 24th, 1900. 
725 

For comparison with these sands, the finest ground limestone pro- 
duced Danish tube mill, all which passed 200-mesh sieve, was 
examined. 

The sands, 541, 542 and 725, under the microscope, 
were seen very clean, and made extremely sharp grains 
with clay. Sands Nos. 544, and 30724 were equally 
sharp, but carried small amount clay, amounting less than 1%, 
and not subsiding from water week. 

The voids the hot sand, compacted thoroughly 100-c. 
cylinder shaking and tamping, were determined, where sufficient 
material was available, and from them the volume-weight per cubic 
foot. These sands were finally sifted sieves, and elutriated the 
beaker method. this way they were divided into grades particles 
different sizes. The results are shown Table No. 

Sand No. 541 has wide variation the size its particles; 
consequently, has low voids and high volume-weight. Sand No. 
542 would probably show like characteristics, but, with somewhat 
wider grading, somewhat lower voids. Each these sands contains 
very considerable amount grains high hydraulic value, the 
Worcester sands, Nos. 723 and 724, with voids much like those 
sands used ordinary mortar—36.7 and 34.7 per cent. 


Mr. Conte. 


Mr. 
Richardson. 
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The most are the two extremely fine ones, Nos. 
544 and 725. They are very uniform grading, the majority 
the particles being sizes within very narrow limits. The resulting 


voids are, consequence, what are usually found under such circum- 
stances, about per cent. 


TABLE No. 


Weight per cubic foot, 


| 


Diameter, 


Greater than 


The sizes the grains these sands are smaller than those the 
ground limestone dust, that say, than the finest Portland cement. 

Mr. Hazen’s claim that quicksand depends more for its peculiarities 
upon the size the particles and upon their small hydraulic value 
than upon any other characteristics, round shape grain, presence 
clay, seems confirmed. 

would interest examine the quicksands encountered 
the Erie Canal the same way, and the writer would glad 


samples from that locality, and from any others where such sands 
are met, can furnished. 
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THE EXACT DESIGN STATICALLY INDETER- 
MINATE FRAMEWORKS. EXPOSITION 
ITS POSSIBILITY, BUT FUTILITY. 


Discussion.* 


Henry Am. Soc. E.—In this interesting paper, 
the author applies the well-known principle Virtual Velocities 
study the stresses and trusses with redundant mem- 
bers and other structures not statically determinate. 

the result his investigation, arrives the conclusion that 
such constructions show advantage, either economy material 
rigidity, over the simpler determinate forms, while even the best 
methods for computing their stresses are extremely laborious and 
doubtful accuracy. 

therefore that all indeterminate forms, such 
trusses with multiple web system, continuous girders, arches with 
less than three hinges, suspension bridges with continuous stiffening 
girders, etc., should abandoned entirely practice. 

the method computation which has used (that Vir- 


This discussion (of the paper Frank Cilley, the Proceedings 


for October, 1899), printed Proceedings order that the views expressed may 
brought before all Members the Society for further discussion. (See rules for 
publication, Proceedings, Vol. xxv, 71. 

Communications this subject received prior May 25th, 1900, will printed 
later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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Mr. Goldmark. tual Velocities Least Work), considers the amount numeri- 


cal labor involved great make the method practically 
valueless. 

While the speaker means advocate complex truss 
forms where there good reason for using them, fully satis- 
fied that there are many cases practice where these tabooed forms 
give far the best results. 

matter fact, the simplicity the strain sheet is, many 
Cases, means proper criterion the excellence the design. 
Thus, railroad bridges moderate length, the tendency late years, 
the result actual experience, away from the single- 
intersection bridge with alleged frictionless pins. Such spans are 
now almost universally built with riveted connections, many 
cases, with multiple systems webbing. Even larger bridges, the 
floor system almost invariably riveted between the posts, though 
the transference loads the main trusses thus made less direct. 
all these cases intricate secondary stresses are introduced, but the 
advantages obtained are believed counterbalance this theoretical 
drawback. 

the case the larger arches and suspension bridges the intro- 
duction hinges the center properly considered break the 
continuity the floor system and wind bracing, add the compli- 
cation the details, and all probability decrease the rigidity 
the whole bridge under moving loads. 

true that the absence hinges makes the computation 
stresses more difficult and somewhat less certain, but believed that 
with the homogeneous material now used, and the excellent workman- 
ship our shops, perfectly safe structures can built without any 
excessive cost. Besides this, there is, the speaker’s mind, little 
doubt that even the best designed hinges pins can hardly counted 
upon act theory requires. 

But besides such bridge forms those above which 
the designer liberty choose between so-called determinate and 
indeterminate forms, there are many engineering structures which are, 
necessity, complex nature. Such are the frame works for the 
enclosing large shops and auditoriums, which the roof trusses 
and the steel posts which support them are connected knee-braces 
other connections, and many forms cranes and derricks; further- 
more, metallic gates for canal locks, well ship caissons for dry 
docks and harbor works. all these constructions some method 
computing indeterminate stresses desirable. 

such cases, well for computing bridge stresses, the speaker 
has found the Method Virtual Displacements (Method Least 
Work) great value, while has not found excessively laborious, 
particularly used means devising approximate methods 
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sufficient exactness each case rather than for computing indi- Mr. Goldmark. 


vidual designs. 


brief reference the bibliography this method computation 
may some interest. 

The first application the principle Virtual Velocities the 
determination deflections and stresses frameworks commonly 
ascribed Clerk Maxwell, whose paper embodying this method ap- 
peared the Philosophical Magazine for 1864. The same theorem, 
slightly different form, was, however, used independently, solve 
problems this class, 1858, and Professor 
1866. 

The further systematic development the method is, however, 
due mainly German writers. The earlier articles Professors 
and gave application the method variety 
structures, such continuous girders, trusses with multiple web 
systems, arches with less than three hinges, etc. The most complete 
exposition the more recent German methods, however, given 
the works Professor Berlin. His special 
the subject the speaker has found great assistance 
practice, and would consider English translation much value 
for American engineers. 

Reference should also made French, the 
late Castigliano, young Italian engineer great promise, who 
gives very elegant analysis the ‘‘Method Least Work,” with 
many applications. 

the English language, the valuable paper George Swain, 
Am. E., published 1883,’ the only extended article this 
subject known the speaker, though brief expositions are given 
some textbooks applied Mr. Cilley has therefore con- 


ferred obligation, English-speaking engineers, his interesting 
study the subject. 


Gustav Am. Soc. (by letter).—This paper Mr.Lindenthal. 


contribution the old controversy whether not statically 
determinate structures are superior statically indeterminate ones, 
and scholarly attempt the affirmative side the question. 

Mr. Cilley, like others before him, advances principal reasons 
favor determinate designs, their alleged economy, the greater 
certainty their calculation, and the greater accuracy, therefore, 
the dimensioning the cross-sections. 

Comptes Rendus, 1858, Vol. xlvi, 1056. 

sur Théorie Mathematique d’Elasticité des Corps 

Zeitschrift des Architekten und Ingenieur Vereins Hannover, 1874 and 1875. 

Zeitschrift des Architekten und Ingenieur Vereins Hannover, 1879. 

neueren Methoden der Berlin. 

des Corps Solides.” Turin, 1879. 


Journal, Franklin Institute, February, March and April, 1883. 


§ 
y 
| 
| 
| 
, 
, 
4 
3 


Mr.Lindenthal. 


464 DISCUSSION INDETERMINATE FRAMEWORKS. 


Granting, that the last two arguments have much commend 
them, nevertheless true, regards economy, that diminutive dif- 
ferences weight metal, shown strain sheets one and an- 
other type, will rarely the sole deciding element the choice 
designs. Other considerations than mere economy metal influence 
greatly the cost and merit structure. But any case, strain 
sheets comparable should complete, and include all strains 


which affect the sections. This does not seem the writer the 


case with the strain diagrams the paper. Before indicating what 
the incompleteness believed consist, the preliminary question 
justified: 

what theoretically equivalent basis (aside from same length 
span and moving load), should comparison the economy deter- 
minate with indeterminate arch types Should the 
basis the same figure inclusion, the author has done, the 
basis congruous equilibrium polygons under some assumed load, 
would undoubtedly the case for ribbed arches, for suspension 
bridges, which are nothing but inverted 

The short span primitive figure, chosen the author with only 
10, respectively 11, members the frame, serves illustrate the great 
labor detailed analysis for each member the indeterminate arch; 
but all other respects misleading. the diagrams the two 
types were each enlarged from to, say, panels, then the determi- 
nate figure the author would become the form known the Eads 
arch, for which certain depth the quarter economic, and the in- 
determinate figure would become sickle arch, for which another 
depth the center economic. The enlarged diagrams, however, 
would longer have the same figure inclusion. Only one chord, 
namely the upper one, would coincide both, but that not enough 
furnish equivalent conditions economy. 

Suppose comparison were made between single (determinate) and 
continuous (indeterminate) trusses. Obviously, would start out 
with the same ratio height span (at center span) for each kind, 
and compare the strain sheets and material required for them that 
comparison arches will have proceed. Wecannot compare fairly 
the economic merits arches different rise, arch having 
ratio rise span three-tenths with another arch having the same 
ratio one chord only and another much smaller ratio the 
lower chord, Mr. Cilley does. compares two primitive figures, 
one statically determinate, and the other made indeterminate in- 
serting redundant member. Considered generic forms, the figures 
are dissimilar and not comparable. His conclusions the economy, 
the want it, indeterminate forms, arrived this manner, 
are wholly irrelevant and inapplicable long spans, the ones 
for which arch types are economically used. 
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This will appear more clearly when consider that the closed Mr.Lindenthal. 


frame the author, with depth one-eighth the span the 
center would practice occur sickle truss which determinate, 
but hardly sickle arch which indeterminate, and with that 
depth rib, would wasteful. arch bridge has been built yet 
with depth rib more than one-sixteenth. More frequently 
less than one-thirty-second the span. 

the temperature strains for the same arch form diminish directly 
with the ratio rib span, they are, existing bridges, very much 
smaller than those given Mr. Cilley page 616.* His maximum 
45% the full load for 100° Fahr. the largest sickle arches 
thus far built, namely, that the Garabit Viaduct France and 
the Gruenenthal Bridge over the Baltic Canal Germany, the maxima 
are under 18%, when corrected the same extremes temperature. 

But, stated before, comparison between forms the general 
characteristics sickle arches and Eads arches, simply because they 


happen coincide one chord, can lead rational conclu- 
sions. 


Comparisons carefully worked out designs different arch types, 
made him and others, have convinced the writer that, other things 
being equal, the indeterminate types are invariably more economical. 
This true even the assumption that there are temperature 
strains three-hinged types were correct. But this assumption not 
correct shown the writer long That time-honored theory, 
found all text books, based Three-hinged arches are not 
only not free from temperature strains, but for certain conditions such 
strains are just large arches the two-hinged type. The 
difference merely their distribution. The supposed advantage 
that respect the three-hinged over the two-hinged arch illusory. 

Professors Merriman and Jacobi’s Higher the only 
work, far, referring the writer’s theory this subject. But al- 
though mentioned there merely connection with three-hinged stiffen- 
ing trusses suspension bridges, applies, nevertheless, all forms 
arches with three hinges, whether the ribbed, spandrel-braced, 
the erect suspended form. is, necessarily, differently 
affected; but all cases the strains are due the changes the 
curvature the equilibrium curve from dead load for different tem- 
peratures. 

the author will trace the strains, due the falling and rising 
the center hinge from changes temperature, will find them 
means negligible smallness, even for the large ratio rise span 
his figure. 

Proceedings, Vol. xxv. 


Engineering News, 1888, 174; and Report Board Engineer 
Maximum Span Practicable for Suspension 1894, 68, and else- 
where. 
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The temperature strains are particularly large flat arches, and, 
repeat it, the insertion center hinge does not eliminate 
only serves remove the maximum bending moment from the 
center each quarter. that where the two-hinged arch has one 
maximum bending moment, the three-hinged has two the same in- 
tensity most cases. 

The new Alexander III Bridge Paris, for instance, having rise 
only one-seventeenth the span, thus far the flattest metal arch 
attempted. the three-hinged type, here properly chosen be- 
cause small depth rib was necessitated the center the pre- 
scribed clearance above the river. The writer has not seen strain 
sheet that bridge, but believes that accordance with the common 
theory, the arches have been assumed free from temperature 
strains. fact, the bending moments the quarters, 
from temperature changes, are fully great the center two- 
hinged arch, having the same depth throughout the quarters 
(where the rib one seventy-second the span). 

the Washington Bridge New York (510-ft. span), the 
Niagara Falls road bridge (840-ft. span), which are both the ribbed- 
arch type, had built with three hinges instead only two, the 
extra metal required meet the temperature strains would have been 
the same for two-hinged arches, with this difference, that the addi- 
tions the chord sections would have been largest the quarters in- 
stead the center, and the additions the web members largest 
the ends each half arch, instead the ends the whole arch. 
spandrel-braced arches, the center hinge may value, here 
really reduces the intensity temperature strains, but does not 
eliminate them, any means. 

The law applies also stiffened suspension bridges. The well- 
known Point Bridge Pittsburg (800-ft. span) has three hinges; the 
bracing above the chains. The bridge has been believed free 
from temperature strains, which not the case. The maxima from 
temperature are those corresponding the maxima the center 
suspended two-hinged arch, having rise one-eighth the span, 
and depth rib one thirty-second the span. But this case 
the maxima the chords, which the two-hinged arch occur only 
the middle the span, reach, with little variation, from hinge 
hinge, while the web only slightly affected. the whole, this type, 
and the so-called Fidler type, are the worst forms for temperature 
strains, and yet both are determinate forms. end spans 
the Tower Bridge London, which are the Fidler type, are cer- 
tainly exposed bending strains from temperature changes, although 
the designers believed them eliminated the insertion middle 
hinges. 

That the neglect provide for temperature strains three-hinged 
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the so-called factor safety is, and how true its designation factor 
ignorance. 

second correction the strain sheets, for proper comparison 
the two types treated Mr. Cilley, required for the large bend- 
ing moments resulting from the immobility the hinges, incorrectly 
ignored him. none the existing arch bridges has turning 
motion the hinge ever been observed. The friction too great. 
But the motion not even desirable. There could motion with- 
out wear, which after while might affect the strains more than the 
immobility the hinges. 

The bending moments from that cause cannot regarded mere 
secondary strains local effect, because they make themselves felt 
throughout the entire arch frame, and flat arches shallow ribs 
require considerable additions the sections. that the 
moments can much reduced using for the hinges small and long 
pins rather than short and large ones, for affording the necessary bear- 
ing area. But any event there are, under equivalent conditions, 
twice many bending moments from that cause three-hinged 
two-hinged arches, while they are absent entirely hingeless arches, 
which the temperature strains are largest. 

The present theory metal arches requires, therefore, the follow- 
ing important corrections: 

Three-hinged arches: Present theory, statically determinate system, 
temperature strains.—Corrected theory, statically determinate sys- 
tem, temperature strains plus bending strains from three hinges. 

Two-hinged arches: Present theory, singly indeterminate system, 
plus temperature strains.—Corrected theory, singly indeterminate 
system plus temperature strains, plus bending strains from two hinges. 

Hingeless arches: Present theory, two-fold indeterminate system, 
plus temperature strains; requires, course, correction, inasmuch 
there are hinges. 

Strain sheets prepared the corrected theory, for the same rise 
equilibrium curve for similar loads all three types, are alone fairly 
comparable economy metal. The three-hinged and two- 
hinged types require additions the cross-sections the members 
over those obtained present theory. These additions cannot 
ignored. When made, the two-hinged arch will every case show 
great economy over the three-hinged arch. 

The secondary stresses, which occur the panel points from the 
elastic deformation the frame, affect practice only the details and 
strength connections. They are not different from those trusses, 
cantilevers, and other frames. They may ignored comparison 
strain sheets. 

The objection indeterminate structures cannot very well 


arches has not yet endangered such bridges proves anew how useful Mr.Lindenthal. 
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Mr.Lindenthal. based the ground that the strains cannot determined with the 


same exactness statically determinate structures, because such 
not necessary, either for safety economy. 

The dangerous strains, their limits, and the conditions under 
which they occur, can always ascertained with sufficient accuracy 
without the endless drudgery which, Mr. Cilley shows, detailed 
analysis for each member large structure would involve. There 
limit the refinement the engineer’s calculations, beyond 
which nothing practical value can gained. 

With the utmost accuracy computation, statically determined 
undetermined structures, will never able dispense with 
three ten-fold safety, the case may be, cover defects manu- 
facture, want uniformity the material, and the many petty inde- 
terminate, well undetermined, stresses which are always present. 
The minimum and maximum limits stresses ascertained, their fre- 
quency properly judged and provided for, need have anxiety for 
the safety statically indeterminate structures. 

failures bridges, caused their indeterminateness, have yet 
occurred. Some, over years old, are still carrying safely railroad 
loads, which, the meantime, have largely increased. The greater 
diffusion the shearing strains, particularly characteristic indeter- 
minate structures with multiple systems web members, has pro- 
longed their life. Repairs few cases are known have been 
necessitated poor details. Many statically determinate structures, 
built the same time, and proportioned for the same unit stresses, 
have shown less resistance wear. Some American railroads have 
already the third generation metal bridges. 

not irrelevant the subject under discussion refer here 
the wide-spread bias against the very useful continuous girder, which 
alleged not economical. This true only when the chord mem- 
bers, subject alternate stresses far within the elastic limit, are 
required largely increased accordance with the discredited 
Launhardt formulas, with other similar rules, unjustified sound 
reasoning. have proof whatever the strength iron 
steel being affected alternating stresses within half the elastic limit. 
The increase section, required bridge specifications vogue, 
for members, subject such strains, waste money and material. 
The good results with the very economical, durable and rigid, continu- 
ous girders, proportioned and built before the present rules dimen- 
sioning were known, ought have weight with thinking engineers. 

That the writer not alone his condemnation the modern 
rules for alternate stresses bridge construction, gratifyingly 
evident from the report the discussion the International Railway 
Congress held London 1895.* 


Congress Bulletin, page 79. 
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continuous girders, pier should settle, when iron towers 
expand height!” The answer is, that piers should built 
that they will not settle more than certain allowable amount, and 
that the variations the levels iron towers can allowed for 
readily the dimensioning the girders. This part engi- 
neering science, and surely what the Chaldean and Roman bridge 
builders accomplished the way good foundations, the modern 
engineer should least able equal. And when secure founda- 
tions cannot had, neither continuous girders nor other forms 
indeterminate structures should chosen. the engineer’s busi- 
ness investigate and discriminate. 

The shaky and vibrating cantilever structure, much affected 
great improvement that respect, means adequate sub- 
stitute for the rigid, compact and economical continuous girder, prop- 
erly designed. 

Another point deserves attention. The author seems ascribe 
much importance deflections means judging the rigidity 
bridge. What rigid bridge? take rigidity metallic 
bridges mean absence vibration, then deflections are deceptive 
criterion. 

The public considers bridge which vibrates, inferior struct- 
ure; and one which does not, one. This ought the 
guide, also, the engineer. Sometimes, structures regarded rigid 
have great deflections and little vibration, and vice versa, which 
the following are few instances: 

The old Niagara single-track railroad suspension bridge (indeter- 
minate) deflected ordinarily ins., under train, but pedestrian 
the roadway below would hardly notice and would feel very little 
vibration. more rigid structure than the double-track canti- 
lever railroad bridge (determinate) located near by, which deflects 
ordinarily only ins., but pedestrian feels disagreeable sensa- 
tions, and can hardly keep his feet when train passes over the bridge. 

The St. Louis arch bridge (indeterminate) vibrates very noticeably 
under every train and team, Merchant’s Bridge (determinate) 
located near fairly rigid truss structure. 

The unsightly Market Street cantilever bridge (determinate) 
Philadelphia unpleasantly known for its spring-board motion, while 
the old cast-iron are bridge (indeterminate), located below, Chest- 
nut Street, rigid. One the abutments the latter bridge has 
yielded about ins., but none the calamities predicted such 
cases for indeterminate arches have oecurred. The behavior three 
famous steel-arch bridges also instructive, viz.: The Washington 
arch-bridge (indeterminate), New York, has ribs with solid webs; 
its deflections from ordinary loads are nil, but its vibrations, even 


quoteth the theoretician, consider the dangerous strains Mr.Lindenthal. 
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Mr.Lindenthal. under single-horse truck, are noticeable that they have been the 


subject (of course unfounded) anxious communications news- 
papers. had three hinges instead two, the vibrations would 
worse. The Niagara Falls ribbed arch bridge (indeterminate), com- 
pleted two years ago, similarly complained of, while the spandrel- 
braced railroad-arch bridge (indeterminate) below one the most 
rigid metal bridges existence. 

Specially interesting, that respect, are also four different types 
large bridges Buda Pest. 

The railroad bridge with continuous lattice girders (indeterminate) 
rigid under fast trains; the famous Buda Pest suspension bridge, 
with stiffening speak (and therefore determinate), shows only 
little less vibration than the heavy Margarethen spandrel-braced, arch 
bridge (indeterminate), the new cantilever bridge (determinate) 
near by. 

Owing the prejudice against indeterminate structures, most 
the very high, iron-trestle viaducts this country are subject 
much vibration, that trains must greatly reduce speed over them. 
With girders cut over every post, and provided with slide bearings, as. 
demanded the usual bridge specifications, sufficient rigidity cannot 
obtained. The high viaducts, with continuous girders (indeter- 
minate), Europe, some them over years old, are, the other 
hand, fairly rigid under fast trains. 

Compare the Forth Bridge (indeterminate), proportioned for live 
load per lineal foot, riveted cantilever structure, which 
15% the metal the strong lateral bracing, with the Brooklyn 
Suspension Bridge (indeterminate), proportioned for only 
having lateral bracing speak of, and very defective stiffening 
system. The latter bridge subject much greater than the 
Forth Bridge, but both bridges are equally free from noticeable vibra- 
tion under the loads and the speeds for which they are designed. 

The remarkable rigidity even seantily stiffened suspension bridges 
and the reasons therefor have been discussed the writer former 
occasions. his opinion, that for long spans properly stiffened 
suspension bridges are the most rigid any metal type. 


Thus the study existing bridges, both the determinate and in- 


determinate kind, affords better instruction rigidity than the mere 
comparison deflections. Naturally, these ought always 
small possible. 

The writer does not advocate indeterminate structures, but neither 
prejudiced against them. decision their true economy 
and merits can reached only from case. seems him that 
the sweeping conclusions Mr. Cilley and others against them are 


founded incomplete investigations and are variance with known 
facts. 
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ally determinate and indeterminate frameworks, the author endeavors 
demonstrate the decided superiority the determinate forms. 
claims that the determinate structures are, theoretically, more 
economical than the indeterminate ones. shows that inde- 
terminate structures, slight inaccuracy the length member 
slight change temperature, can effect considerable and 
even serious change the stresses. emphasizes the fact that 
discrepancies the levels the supports continuous girders, 
slight yield piers abutments two-hinged and hinge- 
less arches, have considerable effect the interior stresses. 
also points out the laboriousness the exact design indeterminate 
structures. 

will scarcely necessary concede that all these arguments are 
doubtless very reasonable, and the writer thinks wise emphasize 
now and then the advantages determinate structures and expound 
the uncertainties the basis which the design indeterminate 
structures founded. 

German literature, these questions have often been discussed and 
analyzed. thorough investigation the matter has not been without 
conclusive results. The use the multiple intersection system has 
commonly been dropped; arches which, formerly, were all designed 
without hinges are now very often provided with two three them. 
Within the last ten years, even several stone arches have been built 
with three hinges. The cantilever system has been frequently substi- 
tuted for the system continuous girders. 

Although noticeable change has taken place the manner con- 
structing frameworks, European engineers have not, yet, abandoned 
indeterminate forms eutirely, and the writer dares say they never 
will. Without disputing the advantages the determinate forms, 
thorough and careful examination the question leads the result 
that, considered from the practical standpoint, the indeterminate 
frameworks must frequently declared preferable, least for 
European practice. 

First, may easily perceived that some the above-mentioned 
disadvantages the indeterminate structures are, many 
little weight, and that some others adhere also the determinate 
forms. the foundations are absolutely solid, why should not 
build continuous girder, well cantilever. The influence 
varying temperature two-hinged and hingeless arches decreases 
with increasing height for the same span, and, case such arches have 
other advantages besides, should not hesitate prefer them the 
three-hinged arch. Unequal warming the members indeter- 
minate framework exerts indeed disadvantageous influence the 
stresses, but the same may said the one-sided warming the 
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Mr. Ritter. members determinate structure. fact, will never succeed 


avoiding entirely the influence varying temperature. 

regard economy, the author asserts that the determinate 
structures need less material than the indeterminate ones. For this 
assertion gives plain and convincing mathematical proof. But 
let careful applying this result our practical construc- 
tions. 

For instance, can shown that the framework designated 
Fig. 18, which determinate, requires more material than the frame- 
work designated which indeterminate. Assuming each panel load 
equal and that, introducing initial stresses, the diagonals 
each panel form are equally strained, the stresses indicated 
the figures will result. Multiplying these stresses the lengths 
the respective members, have: 


Posts 


Nevertheless, the assertion the author correct, inasmuch 
there exists third form included which requires still less 
material, for have: 

Lower chord (14 18) 


the same time, recognize that the inner posts have disap- 
peared. these posts, are.necessary for attaching 
beams, the form cis most cases practically useless, which proves 
that the advantage the determinate frameworks, far the 
theoretically required amount material concerned, may, acces- 
sory circumstances, easily reversed into disadvantage. 

The author himself shows that for varying loads the above-men- 
tioned rule loses its validity. There are still other facts which often 
prove the indeterminate structures more economical. 

First, using intersecting diagonals, obtain the advantage 
that these members the stresses are halved, and, consequence, 
the struts can attached directly the chords; while, the con- 
trary case, are obliged use costly connection plates. Again, 
intersecting the ties with the struts, shorten the distance supports 
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the latter. Further, common experience, that the stresses Mr. Ritter. 
_the various members indeterminate framework are greater 

uniformity than those determinate one, which naturally 

leads some economy. Finally, for cantilevers and three-hinged 

arches, the cost the structure increased that for the hinges, 

and not unusual that this additional cost exceeds all economy 

secured otherwise through statical determination. may remarked 

also that the connections system, account its con- 


tinuity past the hinges, very often lead clumsy details and difficulty 
construction. 


After all, will difficult even impossible predict which 
the two systems will prove cheaper the end, without computing 
and designing, each special case, both them. The greater labor 
involved computing statically indeterminate structures can rarely 
reason for abandoning them. The methods for their computation 
have been perfected such degree that the time required for 
alone hardly any moment comparison with that required for 
the entire design. 

One the chief objections, emphasized the author, statically 
indeterminate structures the possible discrepancies the length 
members. This objection important one for the United States 
North America, where pin-connected structures are generally built. 


Mr. Ritter. less importance Europe, where riveted connections are used 


more generally. the length any member indeterminate, 
pin-connected framework inaccurate, the defect, rule, cannot 
corrected easily, while riveted connections such deficiencies are 
compensated the red-hot rivets which will fill out the holes even 
these, within certain limits, not match. European specifications, 
not unlike American ones, strictly provide that if, connecting parts 
members, the rivet holes fit badly, the holes have enlarged and 
larger rivets have used. Stretching the bars, order match 
the rivet holes, strictly forbidden. spite these precautions 
slight discrepancy remains, is, mentioned above, compensated 
the rivets themselves, which, properly driven, will fill out the 
holes perfectly. seems the writer that for this reason the induce- 
ment for avoiding statically indeterminate structures exists tar less 
for rigidly rivet-connected than for pin-connected structures. 

Regarding stiffness, the author gives interesting comparison 
between the deflection two-hinged and three-hinged arch. 
finds that the difference very insignificant. the writer that 
this result, for the example question, has attributed the 
fact that the theoretical height the two-hinged arch actually less 
than that the three-hinged one. general, structures with hinges 
(arches cantilevers) are less stiff than those without hinges. For 
instance, the fixed span cantilever deflects exactly much 
single-span girder, while the deflection continuous girder the 
same span from 50% less. remembered that rail- 
way bridges such hinges often produce shocks, which benefit neither 
the bridge nor the rolling stock. 

reference the stiffness bridges, should not only consider 
the elastic deflections under varying loads, but also the vibrations 
the structure vertical and lateral sense. can scarcely con- 
tended that, this respect, statically indeterminate structures are 
safer, although, the author says, strict proof for this assertion 
can scarcely given. Now, extensive adherence Ameri- 
can engineers stiff joints upper chords, well the rigid 
attachment floor-beams, stringers, and lateral, portal and sway- 
bracing, proof their sound constructing sense, although all these 
construction details clearly involve statical indetermination? The 
author, true, refers principally vertically loaded frameworks, 
but what sound for floor beams, stringers and bracing, not likely 
wrong for frameworks throughout. 

The author should thanked for his intelligent investigations and 
his manifold suggestions. any case, will unreasonable 
build indeterminate framework where determinate one just 
advantageous, and the author’s endeavor substitute determinate for 
indeterminate forms praiseworthy. the other hand, the 
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opinion that indeterminate structures are many cases pre- Mr. Ritter. 
ferable, and that will never able without them entirely. 

Their frequently greater economy and their greater stiffness, well 

their adaptability various circumstances, are such important advan- 

tages, that would not wise throw them overboard mere 
principle. the contrary, should regarded the task engi- 

neering science study the qualities, the peculiarities and especially 

the deficiencies indeterminate structures, search for necessary 
remedies, and simplify further methods computation. 


Prof. Dierz* (by writer was pupil Head-Master Mr. Dietz. 
Gerber, who, the introduction continuous girders, such 
cantilevers and those simply supported the piers, has gained 
great distinction the art bridge building, and who, 
perhaps not generally known, the construction the street bridges 
over the Main, near furnished the prototype for the truss 
system the Firth Forth Bridge. The writer, therefore, has had 
the opportunity becoming intimately acquainted, both theoretically 
and constructively, with the greatest variety statically determined 
truss systems. follows, therefore, that has retained certain 
preference for such systems, with their strains clearly and quickly 
obtained. Yet his vocation makes necessary for him also investi- 

gate, thoroughly, both theoretically and practically, statically indeter- 
minate systems the most different kinds, and his experience gained 
thereby, together with the indisputable advantages undetermined 
systems under certain conditions, compel him not withhold due 
acknowledgment thereof, and protest against unfounded attacks 
upon the existence these trusses. 
The writer, with large amount his disposal, must 
characterize the author’s closing sentence that the use indetermin- 
ate framework certainly not advantageous from economic 
standpoint, nor apparently from any other standpoint,” not 
accordance with facts, and hardly capable demonstration. 

The matter not simple the author represents be. 
well known, not only the length span between supports that 
influenves the volume iron bridge trusses, but also the greater 
smaller number panels into which the span divided, the length 
and form cross-section the compression members; the kind 
joints, and the manner which they are made, also the riveting 
adjoining parts; and, finally, very great extent, the method used 
dimensioning. regards the latter, the method Gerber, 
specified Bavaria, which takes into account the impact variable 
loading, gives considerably different cross-sections individual 
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Mr. members from those determined the widely used Launhardt-Wey- 


rauch formula, which does not consider the effect impact. 

order, therefore, make professional comparison, regard 
the amount iron needed, between several different truss systems, 
necessary take account all the foregoing factors, and observe 
the condition that all the trusses are dimensioned the same method. 

Most these factors are taken account introducing the 
so-called construction coefficient with which the theoretical volume 
different members must order obtain the 
practical volume. The determination these coefficients is, how- 
ever, work considerable scope, and leads results practical 
value only when based upon number data, which the bridge 
companies, for reasons which are obvious, not give out generally. 

Further, should not overlooked that the superstructure 
bridge forms only part thereof, and that not only the metal con- 
struction, but also the abutments and piers, the method erection 
and the maintenance the structure, should taken into considera- 
tion, that special cases quite possible that considerable 
increase the cost the iron structure may result saving the 
final cost the whole bridge. The ultimate object all our 
technical information and knowledge arrive the lowest possible 
total cost, providing the same time for even strength all the 
parts. 

There ample proof show how often the effort made 
Germany, even extraordinary cases, use statically determined 
truss systems, as, for instance, the Neckar Bridge, Mannheim* and 
the Donau Bridge Budapest.+ If, however, large number 
built late, indeterminate frameworks have been used 
the main truss systems, the reason for this should not sought 
one-sided preference for difficult theoretical problems, but the fact 
that after careful consideration all circumstances each case, 
these systems were found the most advantageous. 

particularly instructive example this class, the 
can mentioned. this case the most thorough com- 
parative studies regarding the effects brakes, and the matter 
erection, led finally the selection combination trestle 
bridge with statically indeterminate arch with fixed ends. 

should noted, this connection, that very interesting 
experiments were made upon this bridge, and that they showed 
very satisfactory agreement between the theoretical and the actual 
strains the truss members. 


Zeitschrift des Vereins Deutscher Ingenieure, 1891, 89, Fig. 12, and Zeitschrift 
Architektur und Ingenieurwesen, 1898, Plate xiv, 


des Vereins Deutscher Ingenieure, 1894. ‘International Competition. 
1238, Fig. 
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well known, the Germans are much interested the thorough Dietz 
investigation the so-called secondary strains* which are found 
every truss whatever system, arising either from the inflexible, 
riveted joints, from the frictional resistance the pins, which, 
even the best constructed, pin-connected bridges must over- 
come before actual turning the individual members about the 
pin can take place. From this point view the two-hinged arch, for 
instance, is, when properly designed, considerably superior the 
ordinary truss bridge resting two supports; and this addi- 
tional factor which connection with pleasing outer appearance, 
which the Germans happily are appreciating more and more, has 
influence determining the choice truss system. 

the proceeding, the writer has outlined the different elements 
which should considered judging the merits different truss 
systems; would now, conclusion, prove figures how little 
permissible draw general conclusions the economical 


TWO-HINGED ARCH THREE-HINGED ARCH 


All sections are in square decimeters. 


F=1.71 sq.d.m. F=1.71 sq.d.m. 


19. 


superiority the three-hinged over the two-hinged arch, even purely 
theoretical respects, from the author’s comparisons between quite 
small arches definite shape. 

The diagram, Fig. 19, illustrates the very carefully made compari- 
sons between three-hinged and two-hinged arch with elastic tie rod 
for the Hacker Bridgein the right half the theoretically 
determined cross-sections for three-hinged arch are given, and 
the left half those for two-hinged arch, square decimeters. Pure 
tensile strains are indicated pure compressive strains and 
members subject both kinds strain 

The result this comparison very unfavorable the three- 
hinged arch, even when only the theoretically determined volumes are 
considered, inasmuch requires more material than the 
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two-hinged arch, and this difference becomes still greater when the 
additional material required for the center hinge taken into account. 
still greater disadvantage for the three-hinged arch appears when 
its deflection considered, amounts 30.5% more than that 
the two-hinged; was calculated carefully for both arches, according 
the well-known method Mohr, taking into account the change 
length every member. 

The writer maintains that the question, whether under all circum- 
stances the statically determinate framework superior the inde- 
terminate, cannot all answered the basis one-sided 
comparison, considering only the theoretically required amount 
material. only determined each case weighing carefully 
the influences all the factors, and requires, not only thorough theo- 
retical knowledge, but also, large amount comparative material 
and experience. 

Prof. (by letter).—The exact design statically in- 
determinate frameworks, explained the paper, based essentially 
the idea that the stresses the superfluous bars under certain 
loading are not computed but assumed. the case single given 
loading (constant loading), the author assumes arbitrarily the stresses 
the superfluous bars, deduces thence and from the loading the 
stresses the remaining (necessary) bars and designs this basis the 
cross-sections the various members. The equations elasticity deter- 
mine then the between the figure length and the actual un- 
strained length each superfluous bar. Thereby, the construction 
designed, and practice only remains give the bars the cor- 
responding length. The more nearly this condition attained the 
more nearly the actual stresses approach the designed. 

statically indeterminate framework subject the several 
different loadings (variable loading), the author assumes the stresses 
the superfluous bars under one the given loadings or, more gen- 
erally, sets equal number further conditions; the equations 
elasticity, each relating the difference between the stresses the 
bars under two the given loadings, and therefore not containing the 
differences between the figure and actual unstrained length the 
bars, the author expresses the section areas every bar 
the corresponding stress under the most unfavorable loading; the 
equations elasticity determine, then, the stresses the super- 
fluous bars under each the given loadings; thence result the stresses 
the necessary bars, and remains compute the differences be- 
tween the figure length and actual unstrained length the super- 
fluous bars. 

The case constant loading offers, designing, difficulty; 
with variable loading, the contrary, the design, even under the 
simplest conditions, exceedingly complicated and laborious. The 
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author himself accents expressly and adds force principally upon Mr. Sohn. 
the proof that statically indeterminate systems are all respects 
(economy, stiffness, safety) inferior the determinate constructions, 
and that only these last systems may recommended practice. 
Although there are cases where will not exclude statically 
indeterminate forms, the writer agrees with the author that statically 
determinate systems generally are preferred, particularly for the 
reason that slight imperfections the actual construction, unavoid- 
able practice, not influence essentially the stresses the bars. 
statically indeterminate constructions that influence is, the con- 
trary, very considerable; wherefore important divergences between the 
computed and actual intensities stress are possible and probable. 
simple example, given the author, shows evidently how much the 
intensity stress can altered the incorrect length bar. 


Esq. (by writer has read Mr. Cilley’s paper Mr. Jung. 
indeterminate frameworks with much interest and takes pleasure 
finding that entirely agrees with him. 

For long time the writer has maintained that statically determinate 
frameworks are preferable indeterminate ones. His reasons for this 
opinion being about the same those which the author has well set 
forth, considers useless repeat them here. 

the other hand, has for many years, his course graphical 
statics the Superior Technical Institute Milan, called the attention 
students the paper Maurice Levy (mentioned also Mr. 
Cilley), and has invited them study the argument treated therein. 
With considerations general character, analogous those given 
pages 570 and 571 the paper, the writer emphasizes the simplicity 
the calculation and the hypotheses required statically deter- 
minate frameworks compared with the complicated calculations and 
the necessity further hypotheses, required indeterminate frame- 
works, and concludes with pointing out the superiority the former 
structures over the latter, least from the theoretical and purely 
statical (and economical) point view. 

for the dynamical phenomena, the writer does not know any; 
but the author’s observations page seem The writer 
does not know, either, what the good reasons are which could make 
one prefer indeterminate rather than statically determinate frameworks, 
which latter have their favor, besides, the practice and the large 
experience American engineers. 


Goldmark’s objections rest, part, misapprehension. The use 
methods calculation based the principle virtual Veloci- 
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which result from the principle least work, which simply 


integral form the preceding, the simplest well the most 
correct means determining changes stress and strain indeter- 
minate structures. Where such structures exist, and, therefore, must 
examined, the writer most strongly approves the use these 
methods. And designing, engineers will use indeterminate forms, 
these methods are still preferred. this case the present 
tentative method application must used, the direct and exact 
method outlined Mr. Goldmark too difficult practicable. 
The writer’s point that while the methods just referred are the 
best known, still, being indirect and tentative, and embodying 
principle that guides good rather than bad proportions, even their 
use designing necessarily unsatisfactory, and, consequently, 
designs depending their use will correspondingly defective. 
The writer’s objections are directed rather the unnecessary use 
systems construction involving these uncertain, wearisome and 
unsatisfactory calculations than the methods making these 
lations. 

Regarding the alleged tendency multiple systems webbing, 
the writer would refer Mr. Goldmark Professor Ritter’s statement 
his contribution this discussion, that ‘‘the use the multiple 
intersection system has commonly been dropped” result 
German investigations the subject. 

Mr. Goldmark’s references the bibliography the subject are 
valuable. The writer personally prefers the use the principle 
Virtual (displacements work), clearly set forth 
Professor Swain’s article, ‘‘On the Application the Principle Vir- 
tual Velocities the Determination the Deflection and Stresses 
Frames,” elsewhere referred to, the use the integral principle 
Work,” which excellent exposition Professor William 
Cain will found the this Society. The former 
principle, while leading precisely the same equations the latter, 
much more objective, and, the writer’s opinion, less likely 
introduce errors. 

Mr. Lindgnthal’s objections raise many most interesting points 
which the writer only fears his present very limited time will not 
permit him discuss with the thoroughness which desirable. 
trusts that further opportunity will permit his correcting present 
shortcomings, and that brevity will pardoned this instance. 

One Mr. Lindenthal’s first objections the comparison 
given indeterminate framework with determinate framework 
included figure, procedure which characterizes unfair. this 
the writer will agree with him, except that the unfairness not the 
indeterminate, but the determinate form. For the indeterminate 
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form any given form, and, certainly, would fair theory and Mr. Cilley. 
always permissible practice use its place another framework 
included figure. rises higher, descends lower, 
extends nowise beyond the bounds the given framework, and 
offers least great clearances directions. What just objec- 
tion, then, can made its substitution for the given framework? 
And true that this leads greater height depth 
the substituted framework, that only one the legitimate advan- 
tages the substitution. part because such advantages that 
the determinate forms are gainers over the indeterminate. But the 
comparison, even so, unfair the determinate framework, for all 
the proportions the indeterminate framework may those which 
most favor it, while the determinate framework, whose figureis formed 
simply dropping out certain lines the figure the given indeter- 
minate framework, without any alteration proportions, may not, 
and very ‘likely will not, the best determinate framework whose 
figure simply does not exceed the bounds the figure the given 
indeterminate framework. This latter would certainly fairer 
basis, but even that would not wholly fair. Usually, bounds 
many places exceeding those the given indeterminate framework 
would equally permissible. would only fair permit the 
search for superior determinate framework extend any within 
these bounds. must remembered that the indeterminate frame- 
work supposed given and the question raised is: Can determin- 
ate framework, which would satisfy equally well the actual limiting 
conditions, found, which would advantageously replace the given 
framework? Could this shown general have 
answer, the superiority determinate over indeterminate construction 
would thereby demonstrated conclusively. 

But not possible thus broaden the limits general dis- 
cussion. must remain within limits which are beyond question, 
and those surely are the boundaries the given indeterminate frame- 
work. result, while the demonstration that there exists 
superior determinate framework under these conditions absolutely 
conclusive, the demonstration the contrary would still leave open 
the possibility reversal through fairer conditions. 

Mr. Lindenthal’s next point objection directed the very 
considerable proportion depth span the arch the second 
illustration. one-eighth, whereas practice one-sixteenth 
about the maximum and one thirty-second more frequent. Now, this 
arch was proportioned two-hinged and not three-hinged 
arch. The small number its members (required reduce the 
work exact design alone responsible for this considerable 
depth. The three-hinged design obtained dropping out the middle 
bar the two-hinged design far from being superior character. 
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For the limited number members used, the two-hinged design 
means favored its proportions. gains decidedly 
effective arch rise the center through this great depth the two- 
hinged arch, may contended, the other hand, that the great 
depth the two-hinged arch the middle should secure great 
rigidity. should expect that where the characteristic difference 
two types was most marked, there would find the most marked 
expression the superiority one other. And surely 
the absence all stiffness the center the three-hinged arch, and 
the considerable stiffness the center the two-hinged arch, which 
are the most characteristic contrasting features thetwo. If, where 
these are most marked, find economic and other differences small, 
how much less will they become these differences character 
become less marked. must remembered that the writer con- 
tending that decided advantages economy, stiffness and safety are 
not obtainable through the use indeterminate frameworks, and, 
therefore, that other favoring determinate construction 
decidedly outweigh any small advantages these directions which 
indeterminate structures may occasionally possess. is, therefore, 
avery important point have shown, the illustration the 
paper, that even extreme case, where large divergence was 
expected, actually, was small. Therein, part, the justi- 
tication for the statement that actual and usual cases the differences 
will much smaller still. 

now come another point, and this very important one, 
the comparison determinate and indeterminate forms—the ques- 
tion flexibility. very flexible, that is, permit 
structure, evident that the importance adverse factors, such 
temperature changes, yielding supports and inaccurate construction, 
will greatly lessened. That say, slender structures the 
defects indetermination tend become negligible. Now, arch 
with rib depth less than one thirty-second the span certainly 
slender and relatively flexible structure, and, arches are usually 
such proportions Mr. Lindenthal states, then they are usually 
the category structures which the evil consequences indeter- 
mination are minimized. Ordinary, stiffened suspension bridges are 
also this category. 

Now, these flexible types really form themselves. Their 
distortions under load are considerable that the ordinary theory 
rigid structures does not closely apply tothem. 
ally determinate” and ‘‘indeterminate” cease have their old 
meanings, and consideration elastic displacements becomes neces- 
sary all cases. true that such consideration not ordinarily 
given, but that chiefly because our ignorance and its difficulty— 
not because not needed: 
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structures. Based the application the principle virtual dis- 
placements, certainly does not apply when the actual displacements 
result very sensible directional changes. And will well, 
this point, eliminate from this discussion the discussion the 
comparative merits determination and indetermination such 
structures. interesting subject, but occupies field itself. 
Here, are only concerned with the location its border line. The 
writer ventures the temporary suggestion that structures whose 
changes form under load result change more than 10% from 
the stresses which would result the changes form were insigni- 
ficant, considered the class flexible structures here 
excluded. 

Limiting ourselves, then, the consideration non-flexible struct- 
ures, the writer’s statement the great importance temperature 
stresses indeterminate structures well founded, and his illustra- 
tion with the deep arch proper example. Thesuspicion probably 
justified that, indeterminate arches which the temperature 
stresses have been found very small, the distortions are actually 
very considerable, and the calculated stresses under load, obtained 
the usual ways, far from expressing the actual stresses. 

Mr. Lindenthal tells that: 

carefully worked out designs different arch 


types, made him and others, have convinced him that, other things 
being equal, the indeterminate types are invariably more economical.” 


Without questioning his sincerity this statement, may fairly 
asked that shall produce the data order that judgment may 
passed the fairness the comparisons. The writer’s experience 
these matters is, that really fair comparisons are practically un- 
known, not because prejudice the part those making the com- 
parisons, but because the unconscious introduction unreasonable 
limitations. Thus, three-hinged arch designed for com 
parison with two-hinged arch, the middle hinge usually placed 
midway between the top and bottom chords, the bottom chord, 
spite the obvious fact that the horizonal thrust diminished 
putting the hinge high possible; that say, the top chord. 
Or, comparison the three-hinged arch with hingeless 
arch, two the hinges are always placed the abutments, spite 
the fact that may decidedly more advantageous put them 
farther out, and that legitimate this and subject the abut- 
ments toa bending moment which they would have resist any 
event with the hingeless arch. 

Another form unfair discrimination that mentioned Pro- 
fessor Jacoby,* where speaks the designing three-hinged 
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Mr. Cilley. arch compare with given two-hinged arch, and giving the sec- 


tions the lower chord the former such proportions that, spite 
its being heavier, its radius gyration averaged less than that 
the sections the lower chord the two-hinged arch. spite 
this fact, however, this case the three-hinged design proved slightly 
the more economical. The designing the cross-sections most 
important factor fair comparisons, and alone, its variation, 
may easily throw the balance favor one type the other the 
comparison actual designs. This fact one those which render 
the comparison actual designs unreliable basis for determining 
the relative economy types. 

now come point which Lindenthal correctly insists, 
but, the writer fears, without due regard proportion—the fact that 
changes temperature modify the stresses, even many determinate 
frameworks, contrary the prevalent idea. But Mr. Lindenthal goes 
far state that: 

arches are not only not free from temperature 
strains, but for certain conditions such strains are just large 


that respect the three-hinged over the two-hinged arch illusory.” 


While the changes stress resulting from temperature (which are 
not precisely temperature stresses) are facts and should considered, 
the writer feels that Mr. Lindenthal’s quantitative statements should 
accompanied the data which they are based that may see 
for what conditions these stresses accompanying tempera- 
ture changes are considerable. 

look into these so-called temperature stresses Mr. Linden- 
thal little closer shall note that they are simply special case 
the modification the stresses structure resulting from changes 
its form, however brought about. The loadings bring about such 
changes form, and, previously noted, such extent the 
more flexible structures that the ordinary which neglects such 
changes seriously error. Now the fact simply this, that struct- 
ures whose figures are altered seriously temperature changes are 
likely have their figures more seriously their load- 
ing; that say, are classed among the flexible structures 
mentioned previously. While calling attention these temperature 
changes Mr. Lindenthal neglecting other, even more important, 
changes which occur these cases. 

And another fact observed: These neglected changes, whether 
from temperature load, occur the indeterminate frameworks 
well the determinate, and add their one well the 
other; that Mr. Lindenthal’s neglected factor one that must 
applied, both the indeterminate and the determinate frameworks. 
Very flat arches, whether three-hinged, two-hinged hingeless, suffer 

serious alteration their stresses from those ordinarily determined, 
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through their flattening very sensibly further, whether from fall 
temperature from the application the loads. mistake 
suppose that the present usual theory indeterminate structures takes 
this flattening into account, whether connection with temperature 
load stresses. Actually, completely does the ordinary 
theory determinate structures. see this and enable form 
better idea these alterations stress, must develop their theory. 


THEORY CHANGES STRESS FRAMEWORKS DUE 
CHANGES Form. 


Suppose denote the loads, the stresses, the 
reacticns, and theangles the bars, loads and reactions with (say) 
the horizontal, confining ourselves here, for simplicity, plane frame- 
works. Then, know, have, the ordinary supposition 
appreciable change form the framework under load, equations for 
each joint, the form 


But the framework actually does change form and the 
become 4p, then our joint equations become 


Now suppose the all relatively small, then ‘we could write 
similarly with the other terms (B), and taking Equations (A) into 


consideration thus obtain from Equations (B) the difference equa- 
tions for each joint: 


the framework determinate, then, since the and are known, 
the and determinable from the Equations (A) their equivalents, 
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the (except for the reactions) very approximately determinable from 
the elastic displacements the joints, for the given materials and 
sections, due the stresses temperature and other causes, and the 
either zero definitely related these displacements, Equations 
(C) suffice determine our remaining unknowns, that say, the 


The above result suffices for the solution the problem, but 
capable exceedingly simple and objective interpretation 
which extends once the calculation these changes stress 
all the methods and resources, graphical and analytical, already 
developed for the calculation the ordinary stresses. Consider the 
following: 

inspect Equations and compare them with Equations (A) 
perceive that they are simply the equations equilibrium the 
joints the given framework subject the loads formed taking 
the changes the original loads, together with the further loads 
right angles the corresponding bars. The resulting stresses the 
framework under these loads are the desired changes stress. 
have only find this differential loading, which readily done when 
the displacements the joints have been determined (as Williot 
diagram), and then may proceed with the solution the stresses 
any the usual methods, graphical analytical, obtaining thus the 
change stress resulting from change form the framework, the 
case any determinate framework. 

Applying the foregoing the three-hinged arch the second 
illustration the paper, determine the changes stress due 
change figure resulting from fall temperature, have 
the following: For fall temperature 100° Fahr., the arch 
did not alter its form, would have reduction span 0.4 
0.065 ft. (see page 616*) and consequent descent the middle hinge 


this, 0.12 0.065 ft. But suppose the span actually 
remains constant, and therefore the middle hinge must sink further, 


0.2 0.065 0.333 0.065 ft. The total sinking the middle 
joint will therefore (0.333 0.120) 0.065 ft. 0.030 ft., nearly. 
That is, all bars the left half will rotate through the common angle, 


right-handed direction, and all bars the right half will rotate 
through the same angle left-handed direction. 

Consider, first, the consequent changes the stresses under full 
loading each joint (loading R). 
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resulting stresses which are the changes stress sought. The value 

the change 

horizontal thrust, not 

given Fig. 15a, 
0.00444 which per- 
mits ready verifica- 
tion. Next consider 
center and right 
bars b, c and e (see 1,667 P x 0.001103 1.067 P x 0.001108 
Fig. 
greatest stresses. 

15d, the corresponding 0.5 
differential loading 
and resulting 
stresses the bars 
and which are the 
changes stress 
horizontal component 
the reaction this 
which may easily 
verified otherwise. 

Putting down the 
changes stress 
the bars and 
have, Fig. 15c, the additions the maximum stresses 
made account change temperature 100° Fahr. Compare 
this with Fig. 15. Taking change temperature only 50° Fahr. 
(that is, temperature 100° Fahr.), the case the 
two-hinged arch, find our additions are (compare Fig. 10) 
bar against for the two-hinged arch; bar against 
compare with the temperature stress bar the two-hinged 
arch, 


This comparison, showing the stresses the case the 


1.25 P x 0.001103 


have Fig. 15a the differential loading for this case and the Mr. Cilley. 
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arch resulting from temperature changes only about one-two 
hundredth the ordinary temperature stresses the two-hinged arch, 
will found sufficient answer Mr. Lindenthal’s statement: 


the author will trace the strains, due the falling and rising 
the center hinge from changes temperature, will find them 
means negligible smallness, even for the large ratio rise span 
his inconclusive figure.” 


But this not all. The (?) stresses have just 
traced out the three-hinged arch also occur the two-hinged arch, 
addition those already calculated. Let now develop the theory 
these changes. 

The theory the changes stress indeterminate frameworks due 
changes form not quite simple that for the determinate 
frameworks just set forth, but based the latter. first glance 
would appear that one might simply find the differential loading for 
the indeterminate framework, and thence obtain the changes stress 
sought simply the stresses the given indeterminate framework 
under this differential loading, the supposition stress under 
loading. But this not quite correct the following analysis will 
show. 

have seen (page 557*), that the difference the figure length 
from the actual length superfluous bar expressed the 
equation 

provided only negligible changes direction the bars occur. If, 
result the actual changes direction the bars, the stresses 
then must have 
And supposing, before, that the are small, readily derive the 
simple difference equations 


These Equations together with Equation actually determine 
the changes stress, The second term the left-hand side 
Equations which would have zero the simply the 
stresses for the differential loading the supposition stress under 
load, shows the error that supposition would involve. 

Instead the purely analytic procedure combining Equations 
and (C), the following procedure likely prove preferable. 
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those the bars the equations (see 
28,50 (G) 


the supposition change form. Actually, must have 


and again, supposing the small, these equations give the difference 
equations 
Now these Equations (K), together with Equations may form 
the basis our solution. them the are the quantities sought. 


The being the changes stress the framework composed the 
0 


bars, under the given loading, due the change its 

form for the joint displacements the given indeterminate framework 

under that loading; and the being the corresponding changes 


the coefficients These are both determinable the method for 
determinate frameworks, explained previously. 

the solution Equations and (K), besides the analytic 
methods, may readily apply them any the usual graphic 
methods for the determination stresses indeterminate frame- 
works. The similarity their forms those the equations for 
stresses indeterminate frameworks will suggest the manner utiliz- 
ing the same methods. Thus one may take advantage here, the 
case the calculation changes stress accompanying changes 
form determinate frameworks, all the accumulated methods and 
resources, graphical and analytical, now our hands for the calcula- 
tion the ordinary stresses the supposition change form. 

The writer regrets that his present limited time prevents his illus- 
trating the use these methods calculation the additional 
stresses the two-hinged arch the paper, resulting from the 
flattening that arch accompanying fall temperature. evi- 
dent, however, that they would quantities the same proportions 
those already found for the three-hinged arch. 

concluding this brief exposition the theory the 
changes stress frameworks accompanying small changes 
form, the writer believes can commend its use for cases where the 
actual changes are really quite considerable, that say, for the 
approximate calculation the corrections given for the stresses 
flexible frameworks, slender arches and stiffened suspension bridges. 


Proceedings, Vol. xxv. 


The stresses bars are expressed terms Mr. Cilley. 


q 
| 
» 
AG 
; 
F 
Z = 


Mr. Cilley. 


490 DISCUSSION INDETERMINATE FRAMEWORKS. [Papers. 


Although the work laborious, only laborious the same way 
and degree the work the usual methods for the ordinary 
lations which based, and certainly far simpler than the 
application higher mathematics called for the present rudiments 
methods, proposed used such cases. The somewhat sketchy 
character the writer’s present exposition trusts will pardoned 
the treatment the subject here given wholly new, far the 
writer knows, and was developed, very brief notice, him, for 
this discussion. 


Before leaving the subject temperature stresses the writer desires 
note his exception Mr. Lindenthal’s quantitative statement regard- 
ing the extra material required meet the three-hinged arch temper- 
ature stresses the cases the Washington arch and the Niagara 
Falls road bridge (or Clifton) arch. Such claims are too easily made 
acceptable when unaccompanied any figures their support, 
and, above all, when rendered doubtful general analysis, the 
present case. 

Mr. Lindenthal’s claim, that ‘‘a proper comparison” the 
strain sheets the two arch treated Mr. Cilley” (two 
and three-hinged), demands correction ‘‘for the large bending mo- 
ments resulting from the immobility the hinges, incorrectly ignored 
him,” the writer feels that must strongly take exception. Mr. 
Lindenthal forgets that the paper was particularly specified that 
only ideal frameworks with frictionless joints were under considera- 
tion. Moreover, the pin not necessary connection member for 
this purpose. Thin plates have not only been proposed, but also used. 
the Kaisersteg Oberschoenweide, near Berlin, designed 
Miller-Breslau, such plate hinge was used, and France 
entire set joints has been constructed recently with such plates, 
bridge 132-ft. span, described the des Ponts Chaussées. 

Thus, while correction necessary where pins are used, they are 
really unnecessary indeterminate adjuncts, and therefore are not 
properly considered such comparison that made the 
paper. 

Mr. Lindenthal says that temperature stresses and hinge friction 
require additions the sections both two and three-hinged 
arches, which cannot ignored, and follows this with the some- 
what extreme statement—‘‘ When made (these additions), the two- 
hinged arch will every case show great economy over the three- 
hinged arch.” Again, the writer feels that are entitled the 
figures proof this bare assertion. The analytic considerations, 
thus far exposed, means support it. 
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Mr. Lindenthal holds that not necessary, either for safety Mr. 


economy,” that the strains indeterminate framework deter- 
mined with the same exactness statically determined structures.” 
Mr. Lindenthal thus unfairly favors indeterminate designs, may 
well that will find them the higher economy claims, but 
competent for the opponents such take excep- 
tions such procedure. must remembered that does not take 
much favoring eat the small margin few per cent. which 
will ordinarily limit the difference material required the two 
this difference precisely the reason why the 
writer argues rather the lack economic advantage the use inde- 
terminate forms, than its presence the use the determinate forms. 

Mr. Lindenthal states that ‘‘no failures bridges, caused their 
indeterminateness, have yét occurred.” Has not, perhaps, over- 
looked some Partial failures due indetermination have been 
anything but wanting. Many weak member has been broken has 
broken its connection when carried along the movement some 
heavy member which was improperly attached; many case 
initial strain, permitted the use redundant members, has resulted 
rupture; many continuous floor system has failed the rivets, 
under the stresses actually coming upon it, for which was not 
designed; and accidents like the buckling the lower chords the 
stiffening trusses the Brooklyn bridge over the towers, have 
illustrations the consequences ofindetermination the case more 
important parts. may said that these were due, not the use 
indeterminate construction, but faulty calculation, neglect 
all, faulty adjustment. But these things arose 
purely from the indetermination and may therefore properly 
charged against it. Far from indetermination never being cause 
failure, has been fruitful cause, especially other structures 
than bridges, where temperature strains have worked havoc. 

now come the last Mr. Lindenthal’s objections, which 
vibration, then deflections are deceptive criterion.” 

this were merely question difference definition the 
word would have further importance, but Mr. Lin- 
denthal continues: The public considers bridge which vibrates, 
inferior structure; and one which does not, superior one. 
This ought the guide, also, the engineer.” But this argu- 
ment Vox populi Dei” hardly convincing, and Mr. Lin- 
denthal’s illustrations only serve increase the writer’s distrust. 

Vibration, far from being indication anything defective, 
the evidence highly elastic and rigid constitution. Only rigid 
and elastic large bodies vibrate rapidly, and therefore, fashion 


4 
4 
| 
Fa 
See 
‘Ep 
: 


Mr. Cilley. very noticeable us. 


The vibrations slack rope are not marked, 
but scarcely rigid. Peruvian rope suspension bridge not 
notable for its vibration, but even the public would scarcely regard 
superior. Many loose-jointed wooden structure free from 
vibration, while similar metal structures most marked, but 
the wooden structure hardly therefore the superior one. 

Wherever great rigidity, elasticity and lightness together, 
vibration likely noticeable. Where, the contrary, there 
loose slack construction, imperfect elasticity and great mass, 
vibration will imperceptible. The writer can scarcely believe that 
Mr. Lindenthal had seriously considered the bases vibration before 
thus proposed the criterion for distinguishing bad from good 
construction. Large deflections, which mean flexible construction, 
really are objectionable, because they interfere seriously with high 
speeds, and, moreover, allow dangerous swaying high winds. 
But rapid vibration evil affecting the imagination far more than 
affects the structures. Moreover, Mr. Lindenthal’s illustrations 
show that marked vibration occurs equally indeterminate and 
determinate structures. is, fact, matter largely independent 
the presence absence superfluous bars. 

concluding this part his reply, the writer feels justified 
protesting the statements wholly unsupported evidence, and 
some which analysis has shown incorrect, which characterize 
this part the discussion. was his hope that those who made 
counter claims the arguments the paper would adduce their 
evidence such form permit its independent consideration. 
the absence‘of such evidence can scarcely expected that these 
claims will receive much consideration, and, certainly, cannot 
expected accept them. 

replying Professor Ritter’s comments, the writer desires 
express the outset his appreciation the very fair and reasonable 
position taken him, well the entire absence any misap- 
prehension misconstruction the paper these comments. 
the hands men able and honest Professor Ritter, the use 
indeterminate frameworks loses many its objections. But, since 
few engineers favoring indeterminate construction are equally well 
informed and fewer are fair, its use generally subject the full 
force the writer’s objections. 

Some the points touched Professor Ritter have been con- 
sidered the writer his reply Mr. Lindenthal, but there remain 
several points which desirable consider here. 

The shorter unsupported lengths the struts advantage 
which has frequently been cited connection with lattice webbing, 
and justification the European custom riveting members to- 
gether wherever they may cross. But seems questionable 
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whether the apparent advantage thus obtained not illusory. Mr. Cilley. 


long ago pointed out Maurice Levy, the use multiple systems 
webbing results reduction the sections the posts which may 
well much more than offset the reduction free length due attach- 
ment points intersection. And this apart from the fact that 
the free lengths for side deflections (deflections out the plane the 
truss) are not reduced through this arrangement anything like the 
degree that the free lengths for the truss planes are re- 
duced. But this not all. Such attachment points intersection 
results bending moments (when does not result anything 
more), which are rarely ever considered, although sometimes very 
large. When these are taken into consideration will found that 
the consequent added secondary stresses much more than offset any 
advantage from shortened free length. Moreover, this practice riv- 
eting every member every other member wherever there 
chance becomes wholly indiscriminate and blind action which some- 
times entails serious unforeseen results, and has been responsible for 
small part the failures indeterminate construction. The fact 
that not more than two passing members can connected the same 
point without entailing, addition bending stresses, direct axial 
stresses, usually overlooked 

The view is, that far possible should design only 
can and calculate and understand, and that the procedure 
now criticising, the consequences which are neither calculated 
nor understood, should put aside all who prefer the guidance 
their intelligence slavish copying ill-founded methods the 
past. Some day will recognized that every unnecessary connec- 
tion only added restraint upon the free exercise function, and 
that, the writer has elsewhere pointed out, Statical indetermination 
efficiency.” 

regard the objections the expense hinges, constructed 
present, with pins, the writer ventures suggest that this diffi- 
culty, well that the shocks the hinges, mentioned Pro- 
fessor Ritter, may overcome the substitution thin plates for 
pins. Flexible joints means depend the use pins for their 
realization, commonly assumed. 

Regarding discrepancies length members, the writer would 
point out the consequences this direction which the theory pro- 
bability tells must expect. know that error the 
length any member statically determined framework, will 
change the distance, between any two its joints not directly con- 
nected, the amount (where the stress the member due 
pair equal and opposite forces unity applied each one the 
two joints). Now suppose each bar has corresponding probable 
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the probable resultant error the distance between the two joints, 
consequence all these probable single errors know from 
the theory probability will 

Let apply this example: 

Suppose have two-hinged arch of, say, 500 ft. span, and ft. 
rise, with parallel chords ft. apart, and that built out from the 
abutments meet the center. Suppose that have forty panels 
and that the probable error each member only in. This 
moderate for even the best work, that say, with all lengths 
determined milled surfaces brought into contact for riveted joints, 
with pin bearings, very careful, repeated measurements made 
the writer with excellent steel tape, firmly clamped one end and 
subject uniform pull means spring balance the other 
end, have convinced him. For simple riveted connections the work 
would sensibly less accurate. Here will readily seen that the 
average value chord members about two-thirds, while 
that for the web members less than one-fifteenth, but more than 
one-twentieth. There will chord members, which alone would 


cause probable error the middle chord bar 


With simple triangular will suppose, there would 
also about web members, and taking for them the smaller average 
value one-twentieth, the probable error closing the middle 
chord bar due their errors would 


The resultant probable error for both chords and webbing would 


(since chord and web members are equally numerous) practically 
in., for the chords above. This gives idea what may 
the final result from given degree accuracy work- 
manship, and tells what degree accuracy necessary 
maintain given case. Some such method should used where 
indeterminate frameworks are constructed. 

Professor Ritter states that general, structures with hinges 
(arches cantilevers) are less stiff than those without The 
writer feels that this statement, reasonable appears first 
glance, cannot, after all, readily accepted. involves, first, the 
question what are comparable structures; and, second, the ques- 
tion what basis judging stiffness used. Confining our- 
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selves deflections for this latter, the writer has done, there still Mr. Cilley. 


remains the question where the deflections are taken. does 
not suffice, particularly with arches, compare only center 
tions, for the deflections non-central points due non-symmetric 
loadings are likely larger than those the center, the 
writer’s illustration. Such being the case, how shall these 
Shall take the average series given intervals, 
shall simply compare the greatest deflections wherever occur- 
ing? The writer would again refer his remarks page 585,* 
this connection. 

concluding this reply Professor Ritter, the writer would sug- 
gest that perhaps ‘‘the extensive adherence American engineers 
stiff joints upper chords, well rigid attachment floor-beams, 
stringers and lateral, portal and sway bracing,” largely due prac- 
tical (shop) considerations, together with recognized objections the 
use pins many cases, especially where adjustable members would 
introduced. The abuse adjustable members has proved 
serious matter this country. The writer has been informed 
case where section the bottom chord was relieved its part the 
stress and made slack the over-tightening counters. And, 
well known, small counters and their connections are often seriously 
overstrained this manner. 

Perhaps, when practical system making connections with thin 
plates has been developed, matter which will require much time and 
experience, even with the best good will the part designers, 
engineers will sufficiently appreciate its merits eliminating second- 
ary stresses, give preference over the present system deceptive 
connections, whose strength always much less than supposed 
be, and whose additions stiffness are only obtained the expense 
notable and unconsidered increases stress the main sections. 

The comments Professor Dietz are directed principally point- 
ing out what numerous factors enter into the final determination the 
cost structure. these the writer once assents, but dis- 
covers little nothing affecting the validity the arguments 
has advanced the paper. Most the factors mentioned Pro- 
fessor Dietz are equally factors with both determinate and indetermin- 
ate frameworks, and, therefore, not influence their comparison, 
provided only that any detailed comparison two designs they are 
actually made equally factors the two cases. the fact that the 
all, factor wholly favorable determinate construction. 
Nothing like carefully built and expensive foundations and supports 
are required for the determinate for the indeterminate structures. 
The writer knows practical factor except the large (?) expense 
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pins which can cited adverse determinate construction, and, 


aside from the fact previously noted, that their use not necessary, 
the saving cost erection resulting from may exceed the cost 
manufacture. 

Regarding Professor Dietz’s detailed comparison ofa two and three- 
hinged arch, the writer begs note that the placing the middle 
hinge below the top chords has very probably deprived the three-hinged 
arch very legitimate advantage might have had. Moreover, 
until know how the sections were determined cannot know 
whether the comparison really fair this respect. These consider- 
ations affect the stated deflection also, but further respect 
misleading. simply the middle and, previously 
noted, very possibly, not probably, not the greatest deflection. 

Finally,the writer not inclined agree all with Professor Dietz’s 
apparent view that only statistical comparisons numerous complete 
projects can conclusive. There not now and there probably will 
not (in the writer’s opinion) within the next century, enough fairly 
comparable data enable definite drawn therefrom 
respecting the relative merits determinate and indeterminate frame- 
works general. Worked-out cases are almost invariably not fairly 

The writer holds that the best, the most reliable, not 
the only fair basis comparison the relative merits determinate 
and indeterminate frameworks must lie such comparison ideal 
structures has made. Actual complete designs are subject 
many irrelevant variations that their comparison necessarily carries 
with general conclusion. 

The writer desires express his appreciation the brief but very 
correct summing the paper included the comments Mr. 
Joseph Sohn. great help grasping the main points such 
paper, necessarily somewhat long and complex its complete form, 
have its essential points brought out concise and 
restatement the present instance. 

The writer pleased learn Professor Jung’s adherence the 
use determinate rather than indeterminate systems. Italy has long 
been leader the intelligent application science the arts, and 
notable for her freedom from the old dogmatic beliefs which many 
other countries still largely maintain their hold. The writer well 
remembers that many the most lucid and valuable the modern 
additions, both the theory structures and the general theory 
elasticity, have come from Italy, and believes that the extension 
the use determinate construction and intelligent designing 
Italy will again the front. 
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Discussion.* 


features this paper the comparison the observations made 
the authors 1897 the large riveted-steel pipe with those made 
them 1899. From this comparison, exhibited Table No. 
they conclude that during the period two years there has been some 
decrease the carrying capacity this pipe. similar, although 
much smaller, reduction also noticeable the case the large 
wooden pipe, for velocities ft. and upward, shown Table 
rarely happens that the same line pipe tested the same com- 
petent and careful observers different periods time. 


This discussion (of the paper Charles Marx, Am. Soc. E., Charles 
Wing, Assoc. Am. Soc. E., and Leander Hoskins, E., printed the Proceed- 
ings for February, 1900) printed Proceedings order views expressed 
may brought before all members the Society for further discussion. (See rules 
for publication, Proceedings, Vol. xxv, 

ommunications this subject received prior 25th, 1900, will printed 
Proceedings, and subsequently the whole discussion will published 
Transactions. 
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the speaker’s opinion, such decrease carrying capacity 
always expected, and, has been able ascertain 
from the records reliable gaugings made others, well 
himself, has always occurred, especially ‘the case cast and 
wrought-iron steel pipes. Two principal causes therefor can 
assigned, viz., the gradual formation nodules rust, 
cles,” and the accretion various organic growths the inner 
surface the conduits. these developments must obviously 
increase the resistance the flow the water the pipe, and hence 
also diminish the discharge. The first-named cause necessarily 
excluded the case wooden conduit, but iron steel pipe 
both causes may exist simultaneously. 

Rust, tuberculation, water pipeis the result the action 
the water upon the iron, wherever exposed, defects abrasions 
the protective coating. The may very small 
even microscopic size, but its site will sooner later mani- 
fested the appearance yellowish brown pimple, which gradu- 
ally increases size and ultimately assumes relatively large 
dimensions spreading laterally over the adjacent sound coating 
more neighboring accumulations this kind 
frequently merge into single large crust, and, when forcibly 
removed, the few minute sources the supply hydrated iron oxide 
are often readily discernible. This oxide evidently attracts unites 
with some the earthy and mineral matter the water, and the 
resulting mixture becomes quite coherent, besides adhering more 
less strongly the inner surface the pipe. this manner 
tubercle slowly formed, and when the earthy matter preponderates 
over the iron oxide, may also become the seat extensive 
organic growth, thereby increasing its size and the degree obstruc- 
tion the flow. 

already stated, the organisms which may lodge and develop ina 
pipe are various kinds, and may either animal vegetable 
character, but adapted the absence sunlight and free air. They 
generally grow the sides and top the conduit, and rarely the 
bottom, they appear dislike the subsidence fine silt which 
apt occur when the velocity the water either greatly reduced, 
entirely stopped entrainment the branches. Several species 
polyzoa, spongilla and fungi, were found easily the 
speaker searching for them dark chambers reservoir gate- 
houses and also the conduits and distributing pipes several 
different water-works, but the latter they were usually restricted 
the upper portion the line the vicinity the source reser- 
voir. some cases, however, these growths were found pipes 
distance several miles from the head. 

instructive instance this kind was observed recently the 
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new conduit the Rochester, Y., water-works. The northern Mr. Kuichling. 
section thereof about miles long, and consists about 000 ft. 
36-in. cast-iron pipe, beginning Rush Reservoir, followed 38-in. 
riveted-steel pipe for the remainder the distance tothe city. 
number gaugings the flow this section, and measurements 
the loss head the cast-iron and steel pipes separately, have been 
made carefully was possible, the same corps assistants, since 

its completion 1894, and the essential results these experiments 

are given Table No. 


TABLE No. GAUGINGS THE NORTHERN SECTION 
DIFFERENT TIMES BETWEEN OCTOBER 1895, 
AND NovEMBER 1899. 


1895. 
1898. 


should noted that the actual mean diameter the 36-in. cast- 
iron pipe 3.0406 ft., deduced from four measurements the bore 
each separate piece before being set place, while that the 
inside courses the 38-in. riveted-steel pipe 3.1667 ft.; also that 
the corresponding cross-sectional areas are, respectively, 7.2612 and 
7.8758 sq. ft., and the lengths between the end piezometers, respec- 
tively, 094.3 and 393.9 ft. The difference level between the 
piezometer vessels was determined instrumentally, while the volume 
discharged the pipe the given periods time was computed 
from the observed fall the water surface the large reservoir the 
head the section, the area for different elevations being known. 
The water supply the piezometers was taken each case from 
standard corporation cock screwed squarely into the cast-iron pipe 


Mr. Kuichling. 
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near its top. Furthermore, the distributing reservoir the city, 
the steel conduit terminates with about 250 ft. 36-in. cast-iron pipe, 
but the length thereof which embraced, the lower piezometer, 
included the 094.3 ft. mentioned. 

When the extremely low value the coefficient (c) for the 36-in. 
pipe Gauging No. became known, was assumed that error 
had been made, and the work was repeated few days later, with prac- 
tically the same result, shown Gauging No. Special care hav- 
ing then been taken avoid errors observation, was conjectured 
that the reduction was due profuse growth aquatic organisms 
this part the line, such was found the 24-in. effluent pipe 
the old conduit the same locality when part was removed 
1894 for connection with the new pipe. corroboration the accuracy 
the observations Gaugings Nos. and was also afforded few 
months later Gauging No. 

ascertain whether this conjecture was correct, examination 
the interior the pipe was made September, 1898. The flanged 
head 36-in. special casting the new gate-house Rush Reservoir 
was accordingly removed, and the 36-in. cast-iron pipe was entered 
and traversed assistant for distance about 450 ft., while the 
38-in. steel pipe was entered manhole 498 ft. north the gate- 
house and traversed for 100 ft. more both directions. Owing 
the existence several depressions the line between these points 
entry, and the necessity soon restoring the new conduit active 
service, further investigations the intermediate parts the pipe 
were made. 

entering the 36-in. cast-iron pipe the gate-house, extensive 
organic growths were seen attached the top and sides, while the 
lower part was considerably tuberculated. These growths soon in- 
creased magnitude until they formed almost continuous lining 
for the entire distance traversed, with frequent large masses hanging 
down fromthetop. number such pieces were noticed, which were 
more than ft. square, stretching like curtains across the upper part. 
The lining, general, resembled dense fibrous mat from ins. 
thick, and the glossy pitch coating the pipe was visible only 
few places. Further examination showed that these growths consisted 
mainly two species polyzoa and one fresh-water sponge, which 
were identified Professor Charles Dodge, the University 
Rochester, Y., Paludicella and Myenia fluviatalis. 
the point where the 38-in. steel pipe was entered, the organic growths 
and tuberculation had greatly diminished both size and extent, 
only few scattering patches, from ins. diameter, and not ex- 
ceeding in. thick, were found, along with some small 
The latter were the lower part the pipe the immediate vicinity 


the manhole, and resulted from the abrasion the coat- 
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ing the shoes the workmen during construction. Elsewhere, the Mr. Kuichling. 


coating was clean, hard and glossy, and apparently sound when 
first applied. Several attempts were made obtain photographs 
the interior the pipe light the localities mentioned, but 
unfortunately all the negatives, being developed, proved dim 
and imperfect. The foregoing verbal description must therefore suf- 
fice convey approximate notion its condition, and hydraul- 
icians will doubtless require further reasons for the low values 
the coefficient (c) the Chezy formula which were found from the 
gaugings relating the comparatively short section cast-iron pipe. 

From this examination the conduit, will seen that the lux- 
uriant organic growths were limited perhaps ft. more 
the upper part the line, while the formation tubercles possible 
for its entire length. The reason for such restriction the extent 
the former obviously found the fact that the food supply for the 
organisms, which contained the water, correspondingly limited 
and becomes practically exhausted beyond certain distance from the 
source; hence, the lower part the line organic growths will 
probably found. may therefore concluded that the gradual 
diminution the carrying capacity pipe the development 
aquatic organisms its interior dependent the quality the 
water, and that when the proper food supply scanty, little trouble 
from this cause will found long conduit. the other hand, 
there such natural limitation formation rust iron 
pipe which not provided with absolutely perfect protective coat- 
ing; and such coating has hitherto been practically unattainable, 
follows that reduction discharge due this second cause must 
reasonably anticipated. 

Returning the case the Ogden conduit, which was put 
service early 1897, and whose present interior condition un- 
known, very probable that while appreciable quantity’ 
organic growths may exist the steel pipe which forms the lower 
portion the long line, there may yet sufficient tuberculation 
account for the reduced discharging capacity which was found the 
authors. Two years’ time sufficient for the purpose, when re- 
membered that the asphaltic coating was applied hand, and that 
numerous imperfections such work are inevitable, notwithstanding 
the most rigid inspection. Proof this conjecture, however, lack- 
ing, and therefore hoped that the authors will some future 
time supplement their present valuable contribution hydraulics 
third series gaugings, which opportunity examine the con- 
dition the interior the conduit will afforded. 

Another interesting point the paper the considerably increased 
loss head the Venturi meters, upon whose registration depen- 
dence placed for obtaining the discharge and mean velocity the 
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conduit. The authors have assumed that the loss head the 
meter proper has remained constant, but were unable verify this 
assumption. Should found experiment that change the 
frictional resistance the two tapering sections riveted pipe which 
constitute the meter will modify the empirical constant used com- 
puting the discharge, means improbable, the given 
numerical values the Chezy coefficient (c) will also require suitable 
modification; and hence, conducting another series gaugings, 
the means for testing the registration the meters should also 
included. 


Assoc. Am. Soc. E.—The growth micro- 
scopic organisms water is, certainly, important subject, because 
such growths have marked effect upon the flow pipes. These 
organisms are likely grow pipes whenever the water flowing 
therein contains sufficient amount food nourish them. 

The polyzoa, fresh-water sponge, etc., are sedentary forms which 
grow the sides the pipe, and must have their food carried them. 
the water contains the right kind food nourish them quite 
likely that they will thrive any kind pipe. The whole subject 
chiefly question food supply. 

For example, Newton, Mass., which supplied with ground- 
water containing practically microscopic organisms, examination 
the pipes showed that there were very few polyzoa. Boston, 
the other hand, where the water contains these microscopic forms, 
many the pipes were found filled with them. 

The presence absence these organisms can accounted 
great extent, the microscopical character the water itself. 
possible that the water flowing the Ogden pipe-line may 
free the smaller microscopic organisms that none the sedentary 
organisms are present any part the pipe-line, while the water 
may such character cause tuberculation the steel pipe, 
without having any such chemical action the wooden pipe. 

would interesting know whether the authors made any 
examination the quality the water flowing through the pipe, and 
whether any opportunity was offered them examine the pipe-line 
with reference the presence polyzoa, fresh-water sponge and 
other similar organisms. 

Cowan Assoc. Am. (by letter).—In com- 
paring the steel pipe tests for 1897 and 1899, noted that with clean 
pipes, 1897, the value the coefficient roughness was not only 
much lower, but was also much more uniform than 1899, when the 
pipe had undoubtedly become tuberculated with rust and growths. 
undoubtedly valuable increment our knowledge find that with 
tuberculated pipes the value seems decrease proportion the 
rise velocity, below, and ft. per second; while, for practical 
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purposes, may considered constant under the same conditions Mr. Meem. 


for clean pipes under all velocities. 

This latter point borne out the 1899 experiments the wood- 
stave pipes, which show constant value for for all velocities; and 
further borne out some crude experiments made the Sewer De- 
partment Brooklyn, 1896, the 15-ft. brick sewer Fourth 
Avenue, which also showed practically constant value for under 
varying velocities. 

The comparison between the 1897 and 1899 experiments the 
wood-stave pipe shows marked decrease the value after two 
years’ use. This doubtless shows that organisms require more, Mr. 
Whipple suggests, than that their food brought them, but that 
they must also have which probably furnished 
the steel and iron pipes the commencement rust, and points the 
further fact that wood pipe seems wear smoother with usage. 
Arthur Adams,* Am. E., states that the growths wood 
pipe are not found exist where the pipe constantly full and under 
pressure. probable, then, that the presence decay only this 
pipe furnishes the nucleus about which these organisms grow. 

Comparing these experiments with those noted made Mr. 
seen that the value much lower the stave pipes 
smaller sizes. Thus, the 72-in. pipe the paper 0.0131, while 
the experiments Mr. Adams 14-in. and 18-in. pipes, 
for the 18-in., and 0.0107 0.011 the 14-in. pipe. This confirms 
substantially what the writer has long believed true, that pipes 
small diameters, all else being equal, the value lower than for 
pipes large diameter. Comparison the experiments referred to, 
the 15-ft. brick sewer Brooklyn (which though crudely made 
showed the value between 0.013 and 0.015), with some other 
mington, Del., small pipes (in which the value was shown 
materially lower than 0.013) partially confirms this conclusion, although 
not decisively definitely enough value, they were not 
compared under the same conditions. 

The summary these deductions follows: 

smooth pipes the same size and kind the value 
practically constant under all velocities. 

tuberculated pipes under all high velocities the value 
constant, for the same sizes and conditions; while 

(c) tuberculated pipes, for the same conditions, under low 
velocities, the value increases inversely with the velocity. 

clean pipes the value probably decreases with the 
diameter the pipe, other conditions being the same. 

Transactions, Am. Soc. E., Vol. xli, 84. 


Transactions, Am. Soc. E., Vol. xli, 55. 
Published, the writer believes, The Engineering Record. 
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assigning the value estimating calculating the 
velocities proposed pipes and conduits, is, course, beyond the 
range possibility test the proposed pipes under the exact con- 
ditions usage; find experiments fitting each case exactly. The 
writer, therefore, proposes factor safety, construction, 
which may used the discretion the engineer. our tables 
and diagrams are usually calculated for value 0.015 for may 
take this basis which the following factors safety are 
suggested for adoption: 

(1) For steel-riveted cast-iron pipes, calculated run under low 
velocities, which are inaccessible for cleaning, add 20% the 
total discharge making the final calculations for sizes. 

(2) For steel-riveted cast-iron pipes, under high velocities, 
which are accessible for cleaning, add per cent. 

(3) For brick, concrete and pipe conduits, under all velocities, and 
over ft. diameter, wood-stave pipe alternately wet and dry, 
add nothing. 

(4) For small pipes all kinds except iron steel, and wood- 
stave pipes over ft. diameter, and running full all times, deduct 
per cent. 

(5) For wood-stave pipes less than ft. diameter, constantly full 
and under pressure, deduct per cent. 

are congratulated upon having performed the most accurate 
series experiments yet published upon wooden-stave pipe. Their 
observations upon the riveted pipe not, however, appear 
quite reliable, either from unsuspected sources error the 
methods and means observation, or, much more probably, 
account conditions the pipe line itself which prevent the general 
application the results obtained from it; that, while the conclu- 
sions which may drawn from them may not suitable for common 
use, the experiments themselves, for the particular case hand, may 
every way accurate and deserving confidence those upon 
the upper section stave pipe, which the writer believes will compare 
favorably with the best pipe experiments yet published, and which 
appear wide application. The reasons for this differentiation 
the results will discussed later. Before proceeding with this 
question, however, there are other points the paper which should 
considered. 

The authors (page 111) argue that order have the gauge read- 
ings vitiated accumulations air the connections, there must 
present quantity sufficient fill the cross-section the pipe 
completely. appears the writer that any mixture air and 
water must have less specific gravity than water alone, and hence, 
even minute bubbles air present connection rising 
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principle has long been utilized the old forms air-lift pumps, 
does not seem necessary discuss further than say that the 
connecting pipe slopes downward the gauge, the result will 
low reading, and that while very few, any, the present observa- 
tions give evidence such source error, the fact remains that 
observations may affected air which does not fill the cross-section 
the pipe. 

the same page the authors refer observations with piezome- 
ters connected various points the circumference, from which they 
appear conclude the correctness the very interesting theoretical 
discussion this subject presented their former paper.* 

this point the writer has submit that knows experiments 
with very delicate apparatus for measuring the pressures different 
points the circumference pipe which water was flowing, 
which showed that the pressures not only are different different 
points, but that they change sign relatively each other the 
velocity changes, one becoming alternately greater and less than the 
other the opposite extremity the same diameter. expected 
that these experiments will shortly presented the Society, with 
some others the flow water pipes, the writer does not wish 
into detail here, but seems him entirely safe conclude that 
the hypotheses assumed the authors their former discussion 
were contrary fact, and that the present case, had they had more 
delicate apparatus, they would probably have found difference 
the readings the several points the circumference. 

reference the general results, always desirable have 
some criterion which judge the accuracy experiments 
they are published, aside from that the personality and reputation 
the observers; and the writer has for some time been the habit. 
applying his own observations the following: 

Assuming that the loss head varies the square the velocity, 
the former must also vary the first power the velocity head; 
whence, any series experiments covering more than one velocity, 
the velocity heads and the corresponding losses head used 
co-ordinates, theoretically, the points located should fall 
straight line which may expected pass through the origin; and 
the deviation the points plotted from such line will indicate the 
relative merit the several observations. will once appreci- 
ated that while some form curve can usually made pass 


‘through and fit fairly well great many observations, not such 


matter fit straight line them. 
This criterion has been applied George Fenkell, Jun. Am. 
E., nearly all the so-called standard pipe experiments hitherto 
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published, and somewhat surprising see how many supposedly 
reliable observations are nothing more than crude approximations. 
hoped that Mr. Fenkell’s work may soon given the public 
order that the records may purged considerable number ex- 
periments which should never have been published, and that the relative 
merits others may estimated properly. 

application this criterion the observations the authors 
1897 showed that the high degree accuracy claimed them, based 
upon reductions the method least squares, was frequently 
imaginary. 

Fig. Plate XXIII, the writer has plotted the observations pre- 
sented Table No. the present paper, and also the data the 
previous series experiments. unnecessarily complicating 
already rather intricate diagram, the straight lines which the observa- 
tions should conform have not been drawn, but fine thread 
stretched along the line observations for the long section stave pipe, 
the excellence the results will once apparent, and the equa- 
tion the mean line computed summations the ordinates and 
abscissas obtain 1.9794 H,, where the loss head and 
the velocity head, measured feet. 

Similarly, the thread stretched along the points for the short 
section stave pipe, which are united the fine broken line will 
not only seen that the inclination the line not the 
other case, but also that the points not fit well, and that, fact, 
this series observations appears very little better than those 
1897, which are indicated letters and joined the dotted lines. 

Observations Nos. 40, 41, 56, 57, 58, 59, 37, 38, and 44, seem 
show too low loss head compared with the velocity head, 
while 35, 36, and 51, show the opposite condition. Excepting the 
four last named, appears that this section pipe the observations 
low velocity indicate much lower resistance than corresponding 
observations the longer section, result which, while does not 
accord with the former observations this section, indicated 

Remembering this condition affairs Section now con- 
sider the Tunnel Section 4-5, the observations upon which are plotted 
Fig. Plate XXIII. stretching the thread here will seen 
that the observations fail have the semblance conformity the 


‘straight line, and appears that all the observations low velocities 


show abnormally high losses head, exactly the opposite condition 
that observed the section next down stream, already considered. 
These facts seem indicate that the piezometer No. gave low 
reading, particularly low velocities. Without attempting account 
for this present will combine the total losses head Section 
4-5 with the simultaneous ones Section 3-4, and plot the combined 
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result the velocity heads the stave pipe, which plotting shown 
Fig. Plate XXIII. this figure, the mean sum- 
mation ordinates has been drawn, the group observations the 
lowest velocity being given half the weight the others, and Nos. 42, 
50, and 51, have been rejected. remarked that Nos. 36, 
and 51, seem errors observation reduction, but they 
were grouped the authors with others this point does not attract 
especial attention their plottings, although quite evident here. The 
close approximation the remaining observations, except perhaps No. 
46, quite remarkable, although there still tendency for the low 
velocities show excessive loss head, which has counterpart 
the observation the long section stave pipe. 

The following explanation the phenomenon might not have been 
obvious, but for the fact that similar one was encountered recently 
Messrs. Murphy and Torrance, their observations being 
corroborated the writer, the Hydraulic Laboratory the College 
Civil Engineering Cornell University, where such precautions 
were taken leave possibility questioning the results. 

All are familiar with the fact that when water flows from the bottom 
vessel pipeof smaller cross-section, spiral motion generated, 
may seen any time ordinary washbowl. Itis, therefore, 
aside from other proofs, quite safeto assume, when there abrupt 
change section pipe line from larger considerably smaller 
one, that similar spiral motion will set up, and needs extended 
argument prove that the higher the velocity, the longer the pitch 
the spiral, which latter will keep lengthening the water flows 
straight pipe, the particles tending continually move more and 
more nearly straight lines. well known, further, that 
velocity head convertible into pressure head and vice 
becomes apparent, therefore, that the pressure head measured 
short distance below point where reduction cross-section the 
flowing stream has taken place, may expect find that the true 
velocity particle water, the flow that point being spiral, 
will exceed the rectilinear velocity the direction the axis, and will 
also exceed the true velocity further along the pipe where the pitch 
the spiral has been increased, whence the pressure head the up-stream 
point will reduced the excess velocity head there, and 
entirely possible conceive, what actually occurs the Venturi 
meter, that the following length pipe might show gain pressure 
rather than the loss expected from frictional resistances. This is, 
apparently, exactly what takes place the Ogden pipe which 
Piezometer No. ft. down stream from the tunnel mouth where 
contraction takes place from section ft. square 6-ft. circular 
one. The lower the velocity, the shorter the pitch the spiral. 
Therefore, low velocities, the ratio the true spiral velocity 
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Mr. the particles the rectilinear velocity will much greater than 


high velocities; hence the pressure head will much lower relatively 
that other points, observed the authors. The gradual 
straightening the spiral results readings farther down much more 
nearly accord with those above and unaffected the contraction. 
may remarked that this spiral motion, while apparently reducing 
the loss head the section below the contraction, must actually 
increase it; and interesting point raised the rapidity 
with which the filaments straighten themselves out, or, other words, 
how far below contraction must get normal pressure 
reading. The fact that the lower observations, plotted Fig. 
Plate show excessive loss head, indicates that distance 
733 ft. the 6-ft. not entirely sufficient hide its effects 
from observation with the mercurial measuring apparatus used here. 
How much farther the effect would noticeable, with water column 
some more delicate apparatus, open question. 

determine the effect the tunnel, evident that not. 
proper proceed the authors have done and from the difference 
shown Piezometers Nos. and take the computed loss ft. 
stave pipe. The nearest correct proceeding, possible with the 
data hand, take from the loss head shown between Piezo- 
meters Nos. loss due equal length stave pipe 
deduced from the observations the long section, when the effect 
the tunnel will seen follow the same law that other 
resistances flow, e., increase the square the velocity, and 
not the manner indicated the authors upon pages 122 and 123. 

Fig. Plate the result shown’ graphically, the 
ordinates between the lines and showing the apparent 
increased luss head due the tunnel. From this appears that 
the loss nearly greater with the tunnel than would 
with the stave pipe continued through it. 

may proper call attention the fact that Figs. and 
Plate XXIII, the velocity heads are plotted inches water, not 
feet, the writer happened have hand transformation 
curve for velocities velocity heads this unit. Fig. Plate 
XXIII, the velocity heads are plotted feet. 

Considering the steel pipe, appears that the two groups 
observations, Nos. 22, 23, 24, 25, 31, and 33, and Nos. 72, 73, 
75, fall very well upon the straight line through the origin, while the 
others show higher loss head than the line fitting the observa- 
tions named. fit line the observations from Nos. 
plotted, the observations the lowest velocities still show 
losses head which are too high, have either assume that the 
loss head riveted pipe does not vary the square the velocity, 
else look for cause for low reading Piezometer No. high 
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one The apparently close and accurate instrumental work Mr. Williams. 


done the authors the other gauges does not give much weight 
the probability errors observation here, that the cause rather 
sought the line itself. The data published seem hardly 
sufficient for the case, although the curvature the line may possibly 
set enough spiral flow cause the lower gauge read low. 
The authors themselves are best qualified discuss this question. 


the possibility that the law riveted pipe may different 


from that cast-iron wood, may said that the observations 
Emil Kuichling, Am. Soc. E., the Rochester conduits and 
Waldo Smith, Am. Soc. E., the East Jersey Water Com- 
pany’s lines, not indicate anything the sort, nor observations 
upon highly tuberculated pipes, nor, pointed out previously, those 
the tunnel The writer, therefore, has come the con- 
clusion regarding the riveted pipe work, already expressed, that 
although the observations may equally accurate, the conditions are 
not such make the results valuable are those the stave 
pipe. 

From the apparent fact that the observations the short section 
stave pipe are influenced the tunnel effects which are subject 
quite wide variation, according the flow increased decreased 
produce the velocity under consideration, seems rather questionable 
attempt determine the effect age upon the capacity the con- 
duit comparisons between the observations 1897 and those 1899 
this section. similar criticism may made the steel pipe, 
though somewhat more restricted degree. 

The effect spiral currents upon the registry the meters 
another interesting consideration. From the velocity head plottings, 
both the stave pipe experiments and those the riveted pipe, 
which were not simultaneous, appears that there was similar 
irregularity results with velocity heads between 0.30 and 0.45 in. 
This, course, points common cause, which seems most likely 
found the meters. The position the meters being such that 
the water enters and curve,* easy conceive that, 
some velocities the spiral motion generated the may reduced 
the curve, and others intensified there, and this might easily 
account for the irregularity referred to, greater less spiral 
motion would reduce increase the difference head between the 
inlet and which seems indicate that, after all, the Venturi 
meter, like many another type, only absolutely reliable when used 
under exactly the conditions which was rated. 

this connection may well add that when observations 
are plotted, the writer has done these cases, possible and 
proper reject inaccurate ones, and deduce coefficients from the 
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points the line rather than from the actual observations, thus 
eliminating, large extent, the individual inaccuracies. Having 
proceeded thus far, only remains drop the ancient Chezy and the 
modern Kutter formulas, and adopt one with approximately logical 
foundation, get the subject hydraulics into shape consonant 
with nineteenth century progress. 


elegant sequel the previous one, and presents, compact form, 
data considerable value hydraulicians. The minute detail with 
which the authors have described their methods and appliances will 
be, without doubt, very satisfactory those who find themselves un- 
able judge the value paper when presented the broad 
lines useful results, without reference the methods used 
reaching them. The authors are congratulated having given 
apparently everything necessary for intelligent judgment. 

The foregoing reflections are not any way suggested defi- 
ciencies the paper, but refer its minute fulness. regards 
hydraulic methods and appliances, every possible question seems have 
been answered, thus leaving one free discuss the broad problem 
increase friction head with advancing age large riveted steel, 
wood-stave other water conduits, and without special reference 
the detail the present experiments, which, taken conjunction 
with the authors’ previous paper, may assumed illustrate the 
hydraulic conditions the Ogden pipe considerable detail. 

Broadly, may assume that many water conduits decrease some- 
what carrying capacity with advancing age. The paper indicates that 
for the Ogden pipe, this decrease greater steel pipe than wood. 
Indeed, the wood pipe shown have increased carrying capacity 
with advancing age. The reasons for these differences are not given, 
although seems clear enough that investigation flow through 
water conduit which reveals such marked changes carrying 
capacity, well differences between two kinds pipes, are here 
indicated, ought accompanied study the causes for such 
changes and differences. 

sometimes err not tracing out final causes, 
cases like the present one where fields knowledge, outside 
engineering pure and simple, require traversed order reach 
adequate solution. Nevertheless, the writer does not criticise the 
paper because such omission, but merely mentions sugges- 
tion for future work. 

1891, when the writer presented his paper The Hydraulics 
the Hemlock Lake Conduit the Rochester, Y., 
drawing the conclusion, from certain discharge measurements made 
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1890, that the high values the expression previously Mr. Rafter. 


used computing flow through large mains, were not justified the 
facts, his conclusions the relatively low values really applying 
riveted-steel conduits, were somewhat questioned. Time, however, 
great clarifier, and not only are the writer’s views the lower 
values now universally admitted, but, since 1891, considerable 


energy has been expended showing why, large steel conduits 


some age, impossible that any view other than the writer’s could 
possibly apply. this line, theory gradual deterioration has 
been built up, and many facts have been gathered, tending sub- 
stantiate it. 

While the writer has desire controvert the view that many 
water conduits have decreased carrrying capacity with age, 
nevertheless wishes point out that this result means uni- 
versal—the Ogden wood-stave pipe case point—and that there 
are undoubtedly considerable number water conduits long time 
use, which are to-day discharging full capacity substantially 
much water when first placed service. 

Speaking broadly, the evidence, now stands, apparently indi- 
cates that steel-plate conduits are particularly subject decrease 
carrying capacity with increased age. far the writer can deter- 
mine, there seems practical difficulty coating the built-up- 
plate conduits, which, some degree, militates against their usefulness. 
true that coated cast-iron pipes have alsoshown decrease carry- 
ing capacity, but not, the writer concludes, such extent the 
wrought-iron steel-plate conduits. 

regards deficiencies the coating, the writer unable add 
very much his discussion Mr. FitzGerald’s paper Flow 
Water 48-In. Pipes,” presented the Society 1896, and pro- 
posed, therefore, give here brief account what may termed 
the biological causes for the decrease carrying capacity, referred to. 

far present information goes, difficulties this sort have 
been referred two classes namely, fresh-water sponges 
and fresh-water polyzoa. The fresh-water sponges have been intro- 
duced the Society Mr. FitzGerald his two papers, Spongilla 
Main and Flow Water 48-In. Pipes,” but without 
giving any account them. far the writer now recollects, 


aside from brief reference the discussion his paper The. 


Hydraulics the Hemlock Lake Conduit the Rochester, Y., 
the polyzoa have not been considered before this So- 
ciety the cause decrease carrying capacity water conduits. 
Hence, the writer feels justified giving brief statement the habits 
the sponges and polyzoa. 


Transactions. Am. Soc. E., Vol. xv, 387. 
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Knowledge the American forms fresh-water sponges was ex- 
tended greatly the monograph* Edward Potts, who has de- 
scribed and figured considerable number species, and his paper 
may referred embodying practically all that know about 
the American forms these interesting animals. 

Some the fresh-water sponges may form incrustations like those 
described Mr. FitzGerald his paper entitled, Water 
48-In. Pipes,” although, thus far, only one two species have been 
certainly identified offending these particulars, as, for instance, 
Spongilla lacustris Boston, and Meyenia fluviatalis Rochester. 
possible that further study other forms fresh-water sponge 
may found giving rise this trouble, although, aside from 
one two forms, such supposition rendered slightly improbable 
because close conduits not seem the natural home many 
species. 

According Mr. Potts, fresh-water sponges not differ con- 
stitution and general appearance from marine sponges, except that the 
fresh-water forms are characterized the presence certain seed-like 
bodies called gemmules statoblasts, and which are effect eggs 
from which new colonies issue. gemmules are not found 
marine sponges. 

The gemmules are nearly spherical and about in. diameter. 
They are sometimes found floating freely waters inhabited fresh- 
water sponges. methods germination, Mr. Potts’ mono- 
graph may referred for the detail. 

Most the fresh-water sponges are characterized more less 
vivid green color, which, however, not universal, but, according 
Mr. Potts, closely dependent the quantity quality the light 
received. sponge which has germinated away from the light will 
nearly white, gray cream colored. brought into full sunlight, 
gradually becomes green, finally attaining bright vegetable green. 
Some species, for instance, Meyenia leidyi, are stated never become 
green. account, Meyenia leidyi may expected grow 
water conduits, where there entire absence light. This species 
further characterized persistent habit through which the growths 
successive seasons rise one above another, forming series thin 
this way sometimes builds smooth rounded promin- 
ences compact texture. The fact that sometimes found con- 
siderable depths, may also taken indicate that this species may 
found the interiors water conduits. 

The fact that most the sponges are naturally bright green 
color must, far present information goes, taken indicate 


Towards the Synopsis the American Forms Fresh-Water 
Sponges, with Descriptions those Named other Authors Parts the 
Proceedings, Academy Natural Sciences Philadelphia for April- 

ugust, 
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that their natural habitat places sometimes subject exposure 
light, although many the species undoubtedly prefer subdued 
light. Professor Lankester has shown the occasional occurrence 
chlorophylloid green coloring matter the tissue animals, among 
others fresh-water sponges, Meyenia fluviatalis. fact this 
character tends strongly show that the natural habitat 
found localities any rate receiving some light, although ought 
not overlooked that several species grow places where the 
light subdued. Without going into the subject extensively, the 
writer will for the present merely state his opinion that this is, with 
many species, largely question convenient attachment fixed 
support, rather than necessary elementary condition. any rate, 
the presence the coloring substance, either plants 
animals, implies exposure light.* 

The fresh-water sponges are widely distributed throughout the 
United States, Mr. Potts stating that has examined fragilis 
from least localities States; Spongilla lacustris from local- 
ities States; Meyenia fluviatalis from localities States; and 
Tubella pennsylvanica from localities States. That the fresh- 
water sponges are subject considerable modifications under varying 
environments indicated the statement Mr. Potts that hardly 
any two specimens were found exactly alike their so-called typical 
features. 

The place the fresh-water sponges, the animal kingdom, found 
the sub-kingdom, Protozoa. They are, therefore, allied the 
Infusoria and the Rhizopods, the lowest forms invertebrate 
animals. 

The fresh-water polyzoa are much higher form, being found 
the sub-kingdom, Mollusca, and hence related the Cephalopods, 
Gastropods, and other relatively advanced forms the Molluscan 
sub-kingdom. They possess complex alimentary system, with 
cesophagus, stomach and intestinal tract. They also have nervous 
system and well-developed muscles. Some species grow attached, 
while others are free-floating. Fixed forms are usually found 
ably fastened their ectocysts the lower surface submerged 
stones floating timbers. their fully developed state, the polyzoa 
live colonies, large number individuals, each with its own di- 
gestive tube, tentacles, nerve ganglion, muscles, generative organs, 
etc., each reproducing itself either gemmation fixed statoblasts, 
while all continue organically united single group. Reproduction 
either budding statoblasts. When from buds, they grow 
from the side adult polypide. Statoblasts may either fixed 
free. The free statoblasts are the founders new colonies, while 
buds merely increase the number individuals each colony. 


reference Professor Lankester’s determinations minute 
animal forms, see Sacks’ Text Book 767. 
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Generally, the polyzoa not thrive places subject the direct 
action sunlight. Their natural habitat seems dark places. 
Undoubtedly, some the species may exist entire absence light, 
although whether they thrive vigorously such places not definitely 
known. Cristatella is, however, exception. According Professor 
Alman, this polyzoon delights exposure the full influence the 
sun, and may basking upon the upper side submerged stones, 
creeping over the stems aquatic plants lakes and ponds.* 
Mr. Hyatt, however, points out that Pectinatella apparently prefers. 
strong light July and August, but cannot stand all October. 
the summer months found abundantly distributed exposed 
shallow waters, but the fall disappears from such locations, and 
can then discovered only shaded places several feet below the 
surface. Colonies Pectinatella frequently grow several feet 
diameter. 

Many species the fresh-water polyzoa show considerable color, 
although not always green. is, how- 
ever, green color. Its single filaments are from in. 
diameter. somewhat unlikely that with olive green color 
predominant most normal specimens, the natural habitat found 
absolute darkness. may cited species which 
apparently prefers nearly absolute darkness. According Mr. Hyatt, 
this form only found darkest places. another 
form apparently preferring light, and which frequently found 
growing from the ends water grasses, without any protection 
whatever from light and heat. 


Aside from the influence light the development color, 


there are two other facts which tend show that the fresh-water 


polyzoa are not likely grow naturally water conduits. 
searching for them along streams and about ponds, they are only 
occasionally found rapidly moving water, their preference being 
apparently for very slowly moving quiet water. Nor, have they 
usually been found water more than ft. depth, the 
under side floating plank timber being usually the best place 
find them. somewhat doubtful, therefore, they readily 
stand heavy water pressure, and, hence, far the present infor- 
mation goes, should only accept well-attested statements their 
presence pressure conduits. 

Another difficulty the method attachment. With per- 
fectly smooth interior surface, there apparently way which 


polyzoa can attach themselves. But assume broken coating 


with ragged projections, the case becomes very simple. Floating 
filaments germinating statoblasts easily caught, and large 
For convenient English literature the fresh-water polyzoa, refer Alman’s 


vations the Polyzoa, Proceedings the Essex Institute, Salem, 1866-68. 
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colonies ultimately developed. regards fresh-water sponges, the Mr. Rafter. 
conditions attachment are somewhat similar, although the sponge 
has power secreting gluey substance with which attaches 
itself stones running water, and which might enable become 
attached slowly moving water within conduit. the case the 
48-in. pipe examined Mr. FitzGerald, appears that there was 
break the coating nearly every point where sponge was 
attached. But whether this was due the action the sponge 
was the original cause attachment, unknown, Reasoning from 
purely priori considerations, however, appears somewhat probable 
that breaks the coating were the prime cause. 

The foregoing very brief account the fresh-water sponges and 
polyzoa, connection with decrease carrying capacity water 
conduits, sufficient show that there are several difficulties 
surmounted before safe theory deterioration, which shall have 
universal application, can successfully formulated. Nevertheless, 
the writer does not wish understood saying that some cases 
decrease carrying capacity may not proceed from these causes, 
although, broadly, the evidence yet too indefinite form safe 
general hypothesis. Thatis the the well-observed 
special cases, but not satisfied that the growth such forms the 
universal explanation. The known preference the polyzoa for 
slowly moving quiet water, together with the development color 
masses akin chlorophyl the fresh-water sponges and possibly, 
also, some forms polyzoa, militates somewhat against the view 
that they develop other than accidentally under the conditions 
rapid movement and absolute darkness prevailing water conduits. 

regards these animal forms, not believed that 
performs quite the same functions that does green plants. 

intended further than state that these animal forms 
develop chlorophylloid substance which undoubtedly dependent 
upon the quantity light received. For such forms water conduit 
does not appear the natural habitat. 

Nevertheless, the fact finding polyzoa attached the interiors 
water conduits, the same fresh-water sponges, ought not 
ignored. Very interesting questions are opened such discovery, 
and some engineer-biologist, endowed with the scientific spirit and 
fair stock patience, has here opportunity elucidate problem 
which not only scientifically interesting, but which has very import- 
ant commercial bearings. But those who have not pursued working 
biology some considerable extent may well await, this matter, the 
opinion the qualified expert, because probably the entire range 
science there one place where either preconceived opinions, 
those founded insufficient data, are likely modified 
study and experience considering the different manifestations 
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life and the modifications which subject, under varying envi- 
ronment. Realizing this truth, the writer, therefore, stands ready, 
the presentation acceptable evidence, modify whatever the 
nature opinion here expressed. 

little doubt that the authors have obtained for large wood and riveted 
pipe the most satisfactory set experiments ever published. The 
generalized results obtained, however, for 1897 and 1899, show con- 
siderable variation, and impossible ascribe the cause these 
discrepancies the effect leaks the apparatus anything else 
connected with the manipulation the instruments the readings 
thesame. Some the single observations are obviously error, 
will seen later, but, the whole, they show very careful work, and 
most the discrepancies must looked for, either the effect 
curvature the the tunnel, the Venturi meters, the 
reductions the observations. 

The writer will not attempt discuss the first three reasons given, 
but will confine himself entirely criticism the reductions, the 
results which the authors have published Tables Nos. and 

method judging the relative value experiments the flow 
water through pipes, and enabling the student omit such obser- 
vations prove unreliable, having given the velocity and the 
loss head, first proposed Gardner Williams, Am. Soc. E., 
and since used him and Clarence Hubbell, Jun. Am. Soe. E., 
wide class work, used the writer. 


velocity, the velocity head calculated and plotted with the loss 
head friction, straight line through the origin should the 
resultant, head varies the square the velocity. 

Figs. and all observations each series are shown this 
manner. well-known fact that the most satisfactory way 
study the relations existing between series two quantities 
plotting squared paper; and generally customary average 
the results thus obtained (if straight line) means fine thread, 
which can moved about until the best average seems have been 
found. The writer knows discussion this subject, and 
seems have hardly been considered hydraulic engineers. this 
discussion the average line found first finding the center 
gravity entire series, dividing the sum the ordinates and 
the sum the abscissas the number observations. The series 
then divided into two parts the center gravity. The center 
gravity each these two parts found and plotted Figs. 
with three concentric circles. This method was first sug- 
gested the writer Mr. Hubbell. These two points, which 
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Mr. are line with the center gravity the entire series, determine the 
position the average line, and only rare instances, with ordinary 
experiments, would this line pass precisely through the origin. 

probable, however, that all errors due personal 
error the observer, calibration instruments and leaks air 
bubbles the gauge connections, are nearly constant for all velocity 
heads, and hence for all velocities, and the average line for series 
points moved parallel itself until passes through the origin, 
the average line all errors are eliminated from the 
observations. 

also evident, after plotting all points, that few are error 
such extent that they had better dropped entirely. Most 
these are mentioned the authors being doubtful nature, and 
Figs. and they are all marked the experiments 
the wood pipe, for 1897, Manometer 3-4, Observations and are 
treated. the experiments the wood pipe, for 1899, Manometer 
3-4, Observations 35, 36, and were dropped, while with Mano- 
meter 5-6 all are considered reliable. Observations 16, 15, 10, and 
are omitted from the experiments the steel pipe, for 1897, and 
Observation from the 1899 experiments. The lines deduced from 
the reliable points are drawn Figs. and and their equations 


are follows, referring velocity head and loss head per 
thousand feet, friction: 


Woop 


STEEL 


These equations are the average lines plotted, and the constant. 
denotes the distance the vertical axis that the line passes from the 
origin. each one moved parallel with itself until passes 
through the origin, they then drop the constant and become: 


Srx-Foot Woop 


Srx-Foor PIPE. 


These equations show the relation existing between the velocity 
head and the loss head, and, consequently, with given velocity, 
multiplying its velocity head the coefficient H,, given 
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Mr. Fenkell. any the foregoing equations, the result will the loss head per 
thousand feet for that particular pipe. Table No. has been deduced 
from these equations, and shows the results compared with those 
given Tables Nos. and and the values the formula 


compared with those given the authors. 


TABLE No. 


1897. 1899, 
MANOMETER 3-4, MANOMETER 5-6. 
s n 


1897. 1899, 


MANOMETER 1-2. MANOMETER 1-2. 


= = 6 = 


| 
| 
| 0.184 0.177 105.6 92.0 
0.0621 0,240 | 0.220 | 105.5 110 | 0.289 0.277 105.6 98.0 
. 0.0971 0.376 | 0.356 | 105.5 108 | 0.374 0.405 105.6 101.3 : 
0.1398 0.541 | 0.510 | 105.5 108 | 0.588 0.570 105.6 102.4 
0.1902 | 0.786 | 0.673 | 105.5 110 | 0.782 0.765 105.6 108.2 
0.2485 | 0.961 | 0.863 | 105.5 tC} 0.957 0.987 105.6 108.8 
0.3144 1.210 1.287 105.6 104.3 
0.8882 | 1.494 1.516 105.6 104.7 
0.4697 1.808 1,824 105.6 105.0 
| 
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evident that the straight line passes through the origin, Fenkell. 


stant for each size,c will remain constant for all velocities the 
same pipe, shown the table. This method reducing the obser- 
vations shows considerable decrease the carrying capacity the 
wood pipe, while that the steel pipe slightly increased. This 
increase small, however, that should not considered, 
represents fineness hardly justified the experiments. does 
show, however, that the carrying capacity the steel pipe, nearly 
can calculated, was the same 1899 1897. 


Velocity. Head. 000 ft. ft. nual Annual 
Hp, Hy, Report. Report. 
(1) (2) (3) (4) (5) (6) 
1.25425 0.02442 0.1550 0.1545 113.2 118.41 - 
0.1474 0.1418 113.2 115.41 
1.15065 0.02057 0.1229 
0.01907 0.1211 0.1172 114.98 
1.02060 0.1027 0.1048 118.2 112.08 
0.89790 0.01255 0.0797 0.0819 111.58 
0.81418 0.01029 0.0653 0.0615 118.2 116.49 
0.63742 0.0400 0.0397 
0.50525 0.0251 0.0254 118.2 112.58 


TABLE No. East Company, 1896. 


Observation Velocity. Weight. Head. 000 ft. 000 ft. From 
(2) (3) (5) (6) (7) 
2.21 0.0758 0.461 0.52 110.1 
3.02 0.1416 0.86 0.93 110.1 
4.69 2.08 2.14 110.1 
4.59 0.3271 2.04 110.1 
4.70 0.3415 2.08 2.18 110.1 
4,29 1.80 110.1 
2.91 0.1315 0.80 0.85 110.1 
0.3868 2.35 2.40 110.1 
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TABLE No. 11.—8.58-Fr. 1887. 

No. Velocity Loss per Loss per 
Velocity. Head. 000 ft. 000 ft. From From 

(1) (2) (3) (4) (5) (6) (7) 
0.0621 0.1650 0.1582 106.1 
2.5 0.0971 0.242 106.1 108.8 
3.0 0.1398 0.3714 106.1 107.7 


Fig. represents the observations the 38-in. steel conduit, 
Rochester, made Emil Kuichling, Am. Soc. E., 1897,* 
and the writer believes them the best experiments large 
riveted pipe ever made low velocities. Table No. the loss per 
thousand feet and values are compared with those published 
Mr. Kuichling. This table was deduced the same manner 
those for the 6-ft. wood and steel pipes. 

Fig. shows few the results the East Jersey Water Com- 
pany’s 42-in. riveted obtained Waldo Smith, Am. Soc. 
Although number observations were made this 
company’s conduits, they were taken many different lengths, 
with but few series the same pipe through range velocities, 
that only part them capable being worked this man- 
ner. Many them show wide discrepancies; that which shown 
being the best one published. Fig. also shows, like manner, the 
generalized results, taken from average line, the experiments 
8.58-ft. 152.88 ft. long, Clemens Herschel, Am. 
Soc. the single observations were not published, im- 
possible tell the amount averaging necessary produce the 
published results. comparison published results and those 
calculated the writer these pipes shown Table No. 11. 

order test set experiments this method, itis necessary 
have considerable range velocities the same length pipe, 
and the first series the authors was the first set taken large 
stave pipe. Figs. and show the best sets experiments large 
riveted pipe, date, which can tested this method. 


Annual Report, Executive Rochester, 1897. 
Experiments the Carrying Capacity Large Riveted Metal Conduits, 
ft. per second Velocity Flow,” Clemens Herschel, Am. Soc. 
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regretted that the experiments the Astoria wooden and riveted Fenkell. 
pipe, Arthur Adams,* Am. Soc. E., are not capable 
such comparison. 

Henny, Am. (by letter).—In his discussion Mr. Henny. 
the first series experiments the writer touched upon some elemen- 
tary factors which the first paper had, his judgment, failed 
receive the attention they deserved. Being cognizant the fact that 
the first experiments were supplemented and extended, 
hoped that opportunity would sought remove more fully the 
doubt which seemed justified regarding some these points. this 
respect, the writer confesses some disappointment, the more severe 
realizes the scarcity available information and the perhaps 
unduly enhanced value which likely accorded individual 
experiments. 

Diameter.—In the present paper the authors have continued 
assume the interior diameter the stave pipe mention 
made any check, actual measurement, upon this assumption, 
which, for reasons stated, the writer considered probably incorrect. 
can now add that, last January, made hasty examination 
the wooden pipe the point where crosses the trestle, Station 
276, which point Manometer No. was located. found that 
while the assumed interior diameter, 72} ins., corresponds with the pro- 
jection thread each lug ins., the actual projection exceeded 
this every case. few the bolts measured projection 
made possible only the placing dozens washers 
fillers under the nuts. Whether the bolts themselves were longer than 
stated Mr. Goldmark his the Pioneer Power Plant the 
writer had means hand for determining. The exposed portion 
the pipe had the appearance having been re-cinched, after com- 
pletion, stop leakage, being observed incidentally interesting 
fact, that many the pressed-steel lugs had become badly deformed, 
the side walls having generally bent inward until some cases they 
touched the top. 

The possibility such reduction diameter emphasizes the un- 
certainty, well known wooden-pipe builders, basing estimate 
the probable diameter pipe upon the original width 
the individual staves, appears have been done the authors. 

not contended that the apparent reduction diameter here 
observed renders similar excessive reduction likely where the pipe 
buried. The probabilities are the other way, yet leaves pertinent 
ask why the authors have omitted present measurements the 
outer circumference the pipe, readily obtainable the various 
points where the pipe passes over bridges and trestles. Even such 


Transactions, Am. Soc. E., Vol. xxxviii, 270. 
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Mr. Henny. could not accepted true averages they would 


have defined more clearly the relative importance the possible 
error due this cause. The writer believes that the point ex- 
amined him the pipe may well have been less than ins. dia- 
meter, and have had area close less than that assumed. 

was contended the authors their first paper* that there 


was need such measurements: First, because similar uncertainty 


diameter would exist other stave pipe, which the writer 
cannot admit, because experience makes possible, the construc- 
tion stave pipe, approximate closely the desired diameters; 
and second, because the possible error attributed this cause would 
insignificant for the purpose explaining the disparity results 
the Ogden and previous experiments, which also objected 
imposing illogical and irrelevant limitation upon the accuracy 
the experiments. 

Presence Air.—The writer has failed find any information 
the air which had accumulated summits where could blown 
off. Check valves depressed with bar afforded the only means 
for releasing air, and these did not occur all summits, from 
the presented Mr. Goldmark. this respect the long 
section stave pipe not thoroughly protected the shorter sec- 
tion with the tunnel relief shaft its upper end. Air 
where cannot blown off, does not, the writer’s opinion, neces- 
sarily reveal its presence through any irregularity the results 
experiments. 

Presence Sediment.—It was considered highly improbable Mr. 
Goldmark that sediment could have affected seriously the first experi- 
ments the short section stave pipe, because the pipe had been 
use only few months previous the time the experiments were 
made. This argument does not hold good the present instance, two 
years having elapsed. The importance this matter has become 
forcibly impressed upon the writer’s mind recent occurrence which 

The light wooden trestle carrying the 52-in. inverted stave-pipe 
the line the Santa Ana across Deep near 
Redlands, Cal., was originally designed for load equal the weight 
the pipe and water immediately over it. account was taken, 
far the writer aware, the additional load due thrust from 
vertical curvature, amounting, was shown his discussion the 
paper mentioned, over 40% the load figured on. The trestle set- 
tled considerably the time filling the pipe, and the course 
years showed further dangerous signs weakness, until, short time 


Transactions, Am. Soc. E., Vol. xl, 557. 
Transactions, Am. Soc. E., Vol. xxxviii, 255. 
Lransactions, Am. Soc. E., Vol. xxxiii, Plate xvii. 
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ago, portion collapsed, carrying part the pipe down with Mr. Henny. 


it. then became apparent that, for about ft. length, the pipe 
had gradually filled with fine sand, which had become indurated, 
and which had left only small passage for the water the lower 
reaches the siphon. The sediment had added the load, and had 
probably contributed materially the disastrous result. far 
this incident concerns the present discussion and the possibility the 
formation sediment pipe lines generally, should understood 
that during the last three four years, only very small flow 
water had passed through the pipe, which had thus been converted 
into long settling basin; and that the sand-box the upper end 
the canal may not have been effective properly operated. Yet, con- 
sidering all circumstances, the probability serious amount 
sediment forming this siphon did not seem great. 

The Ogden pipe takes water directly from similar mountain 
stream; its intake believed unprovided with any sand-trap 
settling basin, and the writer understands that the small percentage 
the total available power ordinarily utilized calls for only alow velocity 
the pipe. 

Unless definite information can presented, tending prove the 
pipe have had clear section, necessary fall back upon 
comparative study results, and with this end view Table No. 
has been deduced. 


VALUE THE CHEZY FORMULA. 


Short Section. Long Section. 
Velocity, 
Group. feet 
Deduced from from average obser- 
average curve. vations for each group 
(1) (2) (3) (4) (5) 
1.175 104 155 117 
106 137 118 
2.126 116 116 121 
2.144 116 118 119 
123 127 121 


Table No. gives the values for the velocities indicated 
Column Column gives these values deduced from the average 
curve deduced from the 1897 experiments the short section 
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stave pipe. Column gives the values found the same section 
pipe 1899, and Column gives the values found the long section 
pipe 1899. 

The grave disparity which may observed the results for low 
velocities sufficient cause their rejection. For velocities above 
above 1.5 ft. per second the results agree satisfactory manner. 

regards the presence sediment, the comparison gives 
undoubted weight the assumption that sediment were present 
the short section pipe 1897, there probably was none 1899. 
From the close agreement the experiments the short and long 
section (Columns and 5), the further deduction may made that 
the long section must also have been practically free from sediment. 
The writer believes, however, that this chain reasoning not suffi- 
ciently strong depend for conclusions, where the physical facts 
the case, far understood the writer, rather favor the infer- 
ence that some unknown amount sediment may have been ‘present 
the pipe. Blow-off gates, argued before, would, upon their first 
discharge, have afforded the means establishing the presence 
absence sediment least near the points where attached. 
they have been utilized for this purpose the writer has failed find 
any mention the authors. 

Curvature.—Experiments determine the effect sweeping curves 
upon the loss head pipe lines are yet undertaken. Measur- 
ing the loss head due short and sharp curves not believed 
furnish safe guide this respect. Short elbows alternating with 
long tangents pipe line are likely have only local effect upon 
the motion the particles. Skin friction the straight reaches will 
tend oppose the disturbance and will favor, and probably repro- 
duce, approximately parallel and rectilinear motion. With long 
curves, the centrifugal force, while smaller amount, has longer 
time act and establish régime its own for each particu- 
lar curve, which, whatever may be, whether generally rotating 
motion, arbitrary eddying, sure increase the frictional loss. 
With comparatively short tangents intervening, the new after 
being established, will extend into the next curve, and either con- 
firmed destroyed make place for another general scheme move- 
ment, and every change motion involves additional loss. 

With pipe line, such was available the authors, having 
hardly any true tangents, was impracticable study the effect 
curvature independently. Moreover, must admitted that most 
wooden pipe lines have considerable percentage easy curvature. 
Being familiar with large number stave pipe lines now use, the 
writer will say, however, that knows none where the percentage 
true tangents, especially expressed diameters, small 
would appear the case with the Ogden pipe line, judging from the 
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plan and profile shown Mr. Goldmark’s paper. And especially this Mr. Henny- 
true the Ogden pipe line compared this respect with stave pipe 
lines elsewhere, experiments whereon have been recorded. Specula- 
tion this subject may fruitless, yet emphasizes the necessity 
entering this field analytically before hydraulicians can hope 
make material progress. 
General Remarks.—The writer wishes reiterate, that possible 
presence air and sediment, well probable deficiency diameter, 
causing error all, have produced cumulative results increasing 
the value while unusually high percentage length curves 
tends the same direction. Whether the combined effect may 
deemed sufficient bring these experiments line with those previ- 
ously undertaken with smooth surfaced conduits various classes, 
whether serious doubt should entertained the accuracy 
the Kutter formula applied smooth-bore pipe, can hardly set- 
tled satisfactorily until additional light thrown upon this complex 
subject. the absence additional and convincing information 
the contrary, the writer inclines the former proposition. Moreover, 
the new experiments the stave pipe, taken themselves, constitute 
forcible confirmation the accuracy the Kutter formula far 
accounts for change velocity. 
The experiments the steel pipe strengthen the belief that the 
Kutter formula offers advantage over the simple Chezy formula. 
the important subject effect time the carrying capacity, 
the experiments shed some valuable light. Table No. is, this 
respect, not conclusive Table No. 12, since the latter permits 
comparison the experiments 1897 and 1899 the same section 
stave pipe. The value shows diminution during the two 
years’ interval. With the steel pipe, the diminution carrying capa- 
city very marked, considering the short time the pipe has been 
use, and while the earlier experiments indicate superiority the 
carrying capacity stave pipe over steel pipe, about for ft. 
velocity, this difference appears have increased, the course two 
years, per cent. 
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THE ALBANY WATER FILTRATION PLANT. 


Discussion.* 


Assoc. Am. Soe. (by letter).—This paper 
valuable addition the literature water filtration. The large 
death rate from typhoid fever before the construction the filter, and 
the material reduction the deaths from that cause alone would justify 
the expenditure necessary for its installation. But, when the 
inhabitants use the filtered water would seem that the death rate 
should decreased even more than has been. 

The writer was interested the cracks the concrete and brick 
masonry caused the low temperature. was also interested 
Mr. Rafter’s remarks that subject, having had similar experience 
some years ago while engaged reservoir which there was 
straight masonry wall approximately 475 ft. long. The height this 
wall from the bottom the reservoir the under side the coping was 
ft. Its thickness was ft. the top and ft. ins. the bottom. 

was built second-class rubble masonry, the constituents being 
freshly quarried gneiss good quality and mortar composed 
parts sand standard American Portland cement. 

The rock was all cleaned and washed immediately before being laid, 
and the work was done good masons, experience that line 
work, and who were under constant supervision. The wall was com- 


Continued from February, 1900, Proceedings. See November, 1899, Proceedings 
for Paper, Allen Hazen, Am. E., this subject. 
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pleted during the latter part August, and, cold weather ap- Mr. Christian. 
proached, was examined carefully every few days. 

Early December the thermometer fell suddenly 12° Fahr., and 
that day cracks were noticed, shown Fig. 18. They extended 


5 
18. 


through the wall, were about right angles it, and generally fol- 
lowed the joints. They never widened, but, the contrary, closed 
gradually the water rose the reservoir and the warm weather ap- 
proached, finally closing tightly that only the closest scrutiny 
could they seen, even though each place had been marked carefully 
order that might found readily. 


Joun Jr., Assoc. Am. Soc. (by letter).—To the Mr. Trautwine. 
writer this paper has special interest source information and 
basis comparison, connection with the several large plants now 
being designed for the filtration the Philadelphia supply. 

After innumerable reports upon filtration, Com- 
mittees, local organizations,* the writer, Chief the Bureau 
Water, and his predecessor, Mr. John Ogden, and after years 
fruitless discussion and inaction, the present Mayor, Hon. Samuel 
Ashbridge, who took his seat April 3d, 1899, secured from 
Councils, April 20th, ordinance providing for the employment 
three experts relative the improvement, filtration and extension 
the water who were ‘‘to act conjunction with the 
Director the Department Public Works, Chief the Bureau 
Water and Chief the Bureau Surveys examining and reporting 
upon the question.” 

May 8th, the Mayor announced the appointment Messrs. 
Rudolph Hering, New York; Samuel Gray, Providence, and 
Joseph Wilson, Philadelphia, who, September 15th, presented 
report recommending, conclusion: 

The adoption that project which the waters the Schuyl- 
kill and Delaware Rivers, taken within the city limits, are purified 
filtration. 

The immediate improvement the existing plant, accordance 
with the detailed recommendations their report. 

Among the improvements recommended was the restriction waste 
the introduction meters. 

their and conclusions the experts say: 

consider that, present, daily supply 200 000 000 galls., 
being 150 galls. per capita, very liberal allowance. recom- 
mend that this quantity pure water immediately provided for.” 


Including the Woman’s Health Protective Association, who submitted report 
Mr. Jos. Rider and, later, one Mr. Allen Hazen. 
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This involves material restriction the consumption, which 
now variously estimated from 220 000 000 over 275 000 000 galls. 
daily. 

The striking features the Albany plant are, perhaps, the one 
hand, its immensity when compared with previously existing American 
slow filtration plants, and the other hand, its insignificance (if the 
word may used without offence), comparison with the magnificent 
installation the experts for Philadelphia. 

Prior the construction the Albany plant, with its aggregate 
filter-bed area 5.6 acres, that Lawrence, Mass., with corre- 
sponding area 2.5 acres was much the largest slow plant America, 
and 1897 the aggregate area all those plants which the writer 
could learn did not reach acres (Fig. 19). 


Acres 
2.5 Mass. 
United States, Total, 1897. 
5.6 Albany. 


Philadelphia.* 


*For supply reduced 200 million gallons per day, 
the experts, million gallons per acre per day. 


COMPARISON OF AREAS OF FILTER BEDS. 


Upon visiting the Albany plant during its construction, May, 
1899, the writer was much impressed with the great extent the 
operations progress, indicated the photographic views accom- 
panying the paper, and was therefore astartling reflection that these 
vast provisions would insufficient supply one the four 
000 000-gall. pumps the Queen Lane (Philadelphia) pumping 
station, which station represents barely one-fifth the aggregate 
nominal capacity all the Philadelphia pumps, and that the daily 
pumpage Philadelphia* was nearly fifteen times greater than the 
capacity the Albany plant. 

Even with the restricted consumption contemplated the experts, 
the Philadelphia filtration plant will nearly, not quite, the largest 
the world, and certainly very much larger than any other under 
single control. 

Philadelphia supplied from six stations, the smallest which 
(Roxborough) has nominal daily capacity 500 000 galls., and 
credited, the Bureau report for 1898, with average daily pumpage 
over 000 000 galls., against galls. nominal daily 

*Two hundrei and twenty million galls.,as estimated the experts. 


displacement, after allowance for slip, the pumpage, stated Report 
Water Bureau for 1898, was 275 000 000 galls. 
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capacity, and 500 000 galls. actual consumption, for the Albany Mr. Trautwine. 


plant. 

The aggregate bed area the four slow plants the 
experts for immediate construction for Philadelphia acres, and, 
daily capacity was for the Spring Garden System. 

The filter-bed areas these four plants, and the equivalent slow- 
bed area the rapid plant recommended for the Spring Garden 
System* are shown graphically, and compared with that the Albany 
plant, Fig. 20. 


Albany 


Philadelphia 
acres 


Belmont 
*Spring 


Queen Lane 


Plant,50 million gallons daily,taken equivalent acres slow beds. 


COMPARISON AREAS FILTER BEDS. ALBANY AND PHILADELPHIA. 
20. 


The construction the Albany plant happens most opportunely 
for the authorities charge the Philadelphia work, who may profit 
it, not only pattern, but, time permits, most useful 
monitor, showing where modifications may advisable the Phila- 
delphia plants order that they may more perfectly adapted 
the conditions there existing. Indeed, unless the differences con- 
ditions between the two places are studied most carefully, the Albany 
plant will lose much its special usefulness the Philadelphia 
authorities. 

Philadelphia draws more than 95% its present enormous supply 
from five pumping stations the Schuylkill River, whose water-shed 
about 900 square miles, and the remainder, less than 5%, from 
the Delaware, the water-shed which, above Philadelphia, between 
four and five times large that the Schuylkill. 

Between the Hudson, Albany, and the Delaware, Philadel- 
phia, there considerable analogy. Both cities draw from tide- 
water; each within half day the sea, water; each case city 


allotted, 000 000 galls. per day. Rate assumed, 000 000 galls. per acre 
per day. 
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sewers discharged into the river both above and below the intake 
prior filtration; each the design the filtration plant involves 
the removal the intake point above the discharge city 
sewage; and the water-shed areas the two rivers, above the two 
cities, respectively, are nearly equal. 

Mr. Hazen gives the population per square mile the Hudson, 
above Albany, 1880, and 1890, from which may 
assume the corresponding figure for 1885; while Mr. Hering, 
his report extension water supply 1885, gives the population 
the water-shed the Delaware, above Philadelphia, per 
square mile, including the Lehigh water-shed, and exclusive 
that water-shed. 

The distribution the population each the two water-sheds 
shown graphically Fig. 21, which they are compared also with 
that the Schuylkill. 

All the data population shown Fig. 21, are those for the year 
1885, they having been found convenient access each case. 
While those to-day would course show marked increase 
most cases, yet the changes which have occurred are probably not 
such nature interfere with the usefulness the figures given, 
for the immediate purpose hand, viz., exhibit the relation 
between the three rivers regard density and distribution 
population. 

For the Schuylkill and Delaware the populations have been taken 
from map prepared Mr. Rudolph Hering, and published with his 
report 1885 the improvement the Philadelphia supply. 
the case the Hudson they were found averaging the figures 
given Mr. Hazen, Table No. for the years 1880 and 1890. The 
distances, for the Schuylkill and Delaware, were roughly scaled from 
the map mentioned. Those for the Hudson are given Mr. Hazen 
Table No. case has any attempt accuracy been made. 

striking feature, the case the Hudson, the large popula- 
tion massed upon the banks the stream Troy and Watervliet, 
only miles above Albany, with further addition population, half 
great, within the next miles, giving total population (in 1885) 
100 000 within miles the intake. Nothing like this exists 
the Delaware. The portion Philadelphia lying above the intake 
has, rule, only rural population, and the experts have recom- 
mended the removal the intake point just within the upper 
city limit. The largest town the Delaware (Trenton, J.) had, 
1885, population only about 000, less than half that 
Troy and Watervliet, and miles above the city. The entire 
population represented the diagram contiguous the Delaware, 
within milés Philadelphia, does not equal that the Hudson 
within miles Albany. Nevertheless, the density population 
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thousands Population,in thousands Population,in thousands 
Conshohocken 
4 
A 
on 
al ‘ 
Bethlehe 
on h 90 
DENSITY POPULATION 
100 THE 
SCHUYLKILL. DELAWARE AND HUDSON RIVERS 
110 AND THEIR TRIBUTARIES. 
Ke} NOTE, The Delaware and Hudson water-sheds being 
Q 130 each more than. four times as large as that of the 
Schuylkill, fhe populations for the Schuylkill are drawn 
te to four times the scale used for the other_streams, in order 
140 that the lengths the lines may représent the 
® approximate densities of the populaticns bordering on 
é 150 the three streams respectively 
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Mr. Trautwine. the entire water-shed the Delaware, given Mr. Hering, for 


1885, more than 50% greater than that for the Hudson, deduced 
from Table No. 

But while the conditions the Hudson and the Delaware are thus 
seen somewhat analogous, glaring contrast appears when 
compare either these two rivers with the Schuylkill; and, inasmuch 
Philadelphia now takes more than 95% her supply from the 
latter stream, and continue take from it, according the 
plan recommended the experts for immediate execution, the 
importance bearing these differences mind becomes once 
apparent. 

The water-sheds the Delaware and the Hudson are each between 
four and five times large that the Schuylkill, and the density 
population approximately inverse proportion the areas. 
the map accompanying his report 1885,* Mr. Hering states the 
average population the Schuylkill water-shed above Philadelphia 
176 per square mile, while Mr. Dana Barber, table accom- 
panying his report 1884 upon his sanitary survey the Schuylkill 
gives the area 1863.9 square miles, and the population 
372 000, making the average density population 200 per square 
mile. order represent with approximate correctness the rela- 
tions between the three rivers the matter density population, 
the writer has plotted the populations for the Schuylkill upon 
scale four times large for the other two rivers. 

Referring the diagram the Schuylkill, find, within about 
miles the city, Conshohocken, Pottstown and Birds- 
boro, all important iron manufacturing towns, and Norristown, well- 
to-do county-seat, once important the same respect, while, near the 
head-waters, are Pottsville and Tamaqua, both important anthracite 
coal mining centers. 

Most these towns are without sewerage systems. Reading 
installing such system, but with commendable consideration for its 
neighbors down stream, and the absence pressure from without, 
also installing plants for the filtration all the sewage led the 
river. 

Within the city limits Philadelphia (and, therefore, not shown) 
and above all but the Roxborough station, the important textile 
manufacturing suburb Manayunk, with population probably 
between 000 and The sewage proper Manayunk, includ- 
ing most the discharges from the mills, all which, until recently, 
went into the river, now carried through intercepting sewer, com- 
pleted 1888, point below the Fairmount dam, which separates 
the entire pumpage system from tide water, but much household 


Water Department, Philadelphia, for 1885. 
Report Water Department, Philadelphia, for 1884. 
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and other filth carried directly into the river storm water, which 
not admitted the intercepting sewer; and probably much more 
according official reports, matter from dwellings 
foreign laborers adjacent canal the Navigation Com- 
pany), thrown into the canal, from which passes into the river, 
barely mile above the Queen Lane pumping station, the newest and 
finest the city’s water-works. 

The canals the Navigation Company, passing, they do, through 
most the towns along the river, and furnishing power mills there, 
are naturally made the receptacles offal, and the nuisance espe- 


Mr. Trautwine. 


cially flagrant beyond the city limits, where the city’s Board Health. 


has jurisdiction. trip through the canal opposite Norristown, for 
instance, reveals great accumulations filth the most revolting 
description, scarcely awaiting the next rain pass into the canal, and 
thence, due course, into the river. 

The Schuylkill, however, has this advantage over the Delaware and 
the Hudson, that the two pools, from which the pumps draw their 
supplies, are least shut off from tide-water, and thus from the 
major part the city’s own sewage, the dam Fairmount. 

Apart from sewage pollution, the Schuylkill suffers mineral pollu- 
tions aggravated character.* the anthracite regions, and near 
its source, receives sulphuric acid, produced the oxidation the 
iron sulphide occurring the coal, and large volumes anthracite 
coal dust from the washeries, established during recent years for the 
purpose extracting the small merchantable sizes from the culm 
waste heaps which have been aceumulating ever since the opening 
the region, and from the wet breakers which ‘water 
used for cleaning the coal and assorting sizes. The sulphuric 
acid completely neutralized the limestone two extensive beds, 
one just above Reading and the other just above Philadelphia, and the 
water reaches the city with basic The coal dust 
accumulates the pools the Navigation Company, but swept out 
and brought down the city two three times year oftener 
floods. 

Again, between Reading and Norristown, the Schuylkill passes 
broad belt easily decomposable red shale. times flood, 
this formation sends vast volumes its substance, suspension, into 
the stream, which, such times, runs blood-red. The first effect 
general storm is, therefore, visitation red mud, which, day 
two later, water charged with coal dust. The writer 
has seen water drawn from faucets Philadelphia, after storage the 


city reservoirs, black from coal dust scarcely distinguish- 
able from ink. 


See Fig. 21, which the limits the significant geological formations are indicated, 
both for the Schuylkill and for the Delaware. 


The Delaware water, the contrary, quite soft. forming scale boilers. 
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The Delaware (see Fig. 21) passes through practically these same 
formations, and receives its modicum the same adulterants, but, 
owing its much larger volume flow, their effect upon the charac- 
ter its water much less marked. 


Under the circumstances stated, not surprising that Fig. 


Bacteria per eentimeter, thousands. 


July 
BACTERIA SCHUYLKILL AND HUDSON RIVER WATERS, 
22. 


shows very much higher average number bacteria the Schuyl- 
kill water than that the Hudson (taken from Table No. 2), until 
after the abnormal conditions following July 9th set in, when the 
contractors the Albany work sand and gravel the back 
channel, and took again dredging, for construction purposes, 
with the result that this water was fouled, and the samples taken after 
that time not represent its normal condition.” 

Unfortunately, the writer not position make similar com- 
parison between the two rivers the matter turbidity. During 
1898 (the year for which Mr. Hazen’s data Table No. are given), 
arrangements had not been completed for using the Hazen scale ob- 
serving turbidity the Schuylkill, and the writer has not succeeded 
deriving, from the examinations thus far recorded, satisfactory 
coefficient for deducing the readings the Hazen scale from the 
record, parts per million, which the Philadelphia results for 
1898 are stated. The Philadelphia results for 1899 
(measured the Hazen scale), not differ greatly from the Hudson 
results given Mr. Hazen; but Mr. George Bailey, his dis- 
cussion states that the highest turbidity reached since the filters were 
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put operation was 0.60; whereas, during the same period, has Mr. Trautwine. 


three occasions reached exceeded that figure the 
follows: 


August 


the course the investigations the experts, during the sum- 
mer 1899, sets three samples each were taken daily from the 
Schuylkill and from the Delaware, and examined for (1) the total dry 
residue contained, (2) the amount such residue deposited during 
the first hours, and (3) the amount deposited during the first 
hours. These observations are still being made, and the Schuylkill re- 
sults for January 1900, are indicated Fig. 23, from which 


837 


SOLID MATTER IN SUSPENSION 
SCHUYLKILL WATER 
AT SPRING GARDEN PUMPING STATION, 
PHILADELPHIA, 
JANUARY 1st TO 20TH, 1900. 


SHOWING EFFECT SEDIMENTATION 
FOR AND FOR HOURS. 


Solid matter parts per million 


Date taking sample January, 1900 


23. 


appears the startling result that some cases the amount deposited 
exceeded the amount originally contained thewater. others (not 
shown), the results indicated that less sediment was deposited 
than These erratic results are due, doubt, differ- 
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ences the samples originally taken approximately one and the 
same time and place. 


Fig. shows comparison between the Schuylkill and the Dela- 
900 


800 


700 


600 


Solid matter in suspension, in parts per million, 


September Oct. : January 
1899 1900 
SOLID MATTER SUSPENSION SCHUYLKILL AND DELAWARE WATERS 
PHILADELPHIA, TIMES FLOOD. 
24. 
ware total solids suspension during three periods flood, 
from which appears, might have been expected, that the 
smaller stream this effect floods not only much more marked and 
generally shorter duration, but also appears and disappears earlier 
than the larger stream. During normal stages, the sediment both 
rivers ranges ordinarily between and parts per million. 

Notwithstanding that these investigations indicate many cases 
very nearly complete deposition all the sediment during the first 
24, furthest during the first 48, hours, the water, matter 
fact, often remains visibly turbid for many days thereafter. 

These comparisons show that the Schuylkill filters Philadelphia 
will not only have heavier bacterial duty perform, owing the 
greater average number bacteria the water, but handi- 
capped the heavier doses sediment its water. 

far the writer knows, there are record data which en- 
able judge the effect, upon the efficiency the filters, the 
coal dust brought down the river times from the anthracite coal 
regions. 
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the writer’s judgment, the conditions stated render advisable Mr. Trautwine. 


high degree caution using the construction and operation the 
Albany plant precedent the design the vastly larger system 
required for the filtration the quantities water taken daily from 
the Schuylkill for the supply Philadelphia. taking leave the 
city service November last the the Mayor com- 
munication, urging (as many previous communications) that one 
two the smaller plants built first, and the construction 
filtration plants for the rest our supply shall proceed rapidly 
acquire from the two initial plants immediately constructed, 
the knowledge essential for such undertaking.” therefore 
gratifying find his Honor recently quoted saying that, after the 
plans are completed, which will when thorough tests have been 
made the new testing station,” ‘‘it will then order invite 
proposals for the work constructing filtration plants one more 
the city’s stations.” 

With regard that large portion its supply which drawn 
from the Schuylkill, Philadelphia fortunate having her dis- 
posal the large reservoirs heretofore used for storage the water after 
pumping, and incidentally for very imperfect improvement quality 
means sedimentation. report dated February 16th, 1898, 
the Director the Department Public Works, the writer suggested 
that the reservoirs utilized sedimentation basins, small portion 
their total capacity being set apart for the storage filtered water, 
and this feature was essential one system filtration suggested 
the writer September 9th, 1898, well that recommended 
the experts their report September 15th, 1899. 

regards the small portion its supply taken from the Delaware, 
Philadelphia, like Albany, without reservoir capacity kind 
which could utilized conveniently for sedimentation the water 
preliminary filtration. small reservoirs that supply, 
the one which has sufficient elevation small and defective, and has 
but one basin. Both the experts’ and the writer’s proposed systems 
therefore provide for the construction sedimentation basins for the 
Delaware supply. 

attempt compare the cost construction the Albany 
plant, given Mr. Hazen Table No. and his accompanying 
remarks, with that the four proposed slow beds for Philadelphia, 
estimated the experts, complicated the difficulty placing 
the two systems, with any certainty, upon one and the same basis 
comparison. Mr. Hazen says, regarding the Albany plant: 

filters, sedimentation basin and pure-water reservoir are 
connected such way make exact separation their costs 


impossible; but, approximately, the sedimentation basin cost $60 000, 
the pure-water reservoir 000, and the filters $255 000.” 
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This makes the cost the sedimentation basin about the 
whole. 

Taking the items under Filters, Sedimentation Basin and Pure- 
Water Reservoir,” Table No. separating those supposed 
proper the filter beds and the pure-water reservoir from those com- 
mon also the sedimentation basin, using only 814% the cost 
the latter items, omitting items not included the Philadelphia 
experts’ estimates, quoted below, and, finally, deducting 000 
the cost the pure-water reservoir, arrive the estimate the 
cost the Albany filter beds, given Table No. 12. 


ALBANY. 


(a) Items common filters, (6) Items proper filter beds 
pure-water reservoirand sedimen- and pure-water reservoir. 
tation basin. 


Gravel for lining..... 
Preliminary draining. $1956.71 Stone for lining...... 850.74 
Excavation .......... Concretein vaulting.. 
Concrete floors 27112.47 Manhole covers...... 
Other concrete....... Sand-run fixtures.... 260.00 
Extra work and minor 704.00 
$153 686.61 Deduct cost pure- 
81} per $125 254.59 water reservoir..... 000.00 
$250 934.12 


or, taking the capacity 000 000 galls. per day, $16 729 per million 
gallons daily capacity. 

For the four slow plants, Philadelphia, have the figures 
Table No. 13. 

The figures for Philadelphia, Table No. 13, include excavation 
for pure-water basin for Belmont and for Torresdale, and for sedi- 
mentation basin the latter station, but, from the contours the 
sites would appear that the major portion the excavation, each 
case, was for the filter beds proper. Besides, the case the Albany 
plant, doubt much more than the 814% which have taken for 
excavation chargeable the sedimentation basin. 

Much the very considerable difference between the cost Albany 
and the estimates the experts for Philadelphia may, doubt, 
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Papers.] 
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TABLE No. Cost Stow FOR PHILADELPHIA. FROM 
Report Experts. 


PLANT. BELMONT. QUEEN LANE. TORRESDALE. TOTAL. 
Capacity, United States 
per day. 000 000. 000 000 000. 000 000. 150 000 000. 

Per million gallons daily...... 389 447 005 456 250 725 684 989 987 
Excess over Albany ($16 729). 22% 58% 15% 82% 18% 


Including piping sand 15% added experts, presumably cover engineering and 
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Mr. Trautwine. explained the advance prices between the execution the Albany 


contracts and the making the Philadelphia estimates; but, after 
making all allowances, would appear that the experts’ estimates, 
least after their addition 15%, are certainly safe. 

Table No. comparison the total costs improvement. 


TABLE No. THE Cost IMPROVEMENT. 


Philadelphia (estimated). (actual). 


(a) 
Average daily consumption, gallons 
200 000 000 100 000 000 000 000 
Cost installation: 
120 358 $100 000 290 
Filter plants, piping, sedimentation 
basins and 818 468 000 960 
1514 770 500 745 
$10 973 591 823 500 $468 633 
Additions and improvement ex- 
Engineering and contingencies......... Included. Included. 000 
Per million gallons $71 820 $59 305 109 


the two estimates given for Philadelphia, (a) that the ex- 
perts, taken from pages 107, 122 and 123 their report, and 
based upon report the writer, made September 9th, 1898, the 
Director the Department Public Works, response resolu- 
tion Councils. order make estimate properly comparable 
with the other two, has been amended adding 50% the esti- 
mated cost the filters, provide for their roofing, and item 
$700 000 provide for roofing the clear-water reservoirs. 

The resolution requesting this estimate asked for plans and 
drawings and estimated cost filtration all the water used the 
city,” and the writer took advantage the word show the 
city fathers what could done, the way proper economy, 
restricting the consumption figure (maximum 100 galls. per capita 
per day), more nearly commensurate with the quantity (possibly 
per day, maximum) really used.* The estimate was based upon 
the Albany bids, which then had just been opened, and the amounts 
which were kindly communicated the writer Mr. Hazen for the 
purpose the estimate. 


The result was resolution, the Water Committee, requesting the Department 


place proper form the results its researches the question Slow Sand 
Filtration for the entire 
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reduction consumption, but this was expected. For the 
smaller quantity, sites were generally available city property adjoin- 
ing near existing plants, whereas, for the larger quantity, sites 
for the filter beds had, all cases, acquired. other ways, 
also, and notably the matter mains connect existing works with 
filter beds perforce located considerable distance, the total cost, 
Philadelphia, increases much more rapidly than the quantity 
filtered. 

Philadelphia lies just south the line which Mr. Hazen has drawn 
indicate what locations advisable roof over the filter 
and the question the advisability doing for Philadelphia may 
one for the authorities Poughkeepsie, after some twenty 
years’ experience with uncovered bed, built another, and the writer, 
largely the strength this, omitted roofing, designing for Phila- 
delphia the system already mentioned, but has since been informed 
that the building second uncovered filter bed Poughkeepsie was 
contrary the advice Mr. Fowler, the Superintendent. 

cost operation, the experts make estimate for Philadelphia, 
follows: 


Per million gallons filtered water, including labor, cost wash 
and waste water, lost sand, sanitary analyses water, chemicals, 
superintendence, watchmen, ordinary repairs, and all incidental 
expenses; but excluding interest, depreciation and cost pumping 
water filters: 


Schuylkill River. Delaware River. 


pumping, per million gallons raised ft. high, including 
coal, labor, oil, waste and supplies, and ordinary repairs; but exclud- 
ing interest and depreciation: 

Low-Lift Pumps. 

daily supply 200 000 000 galls., 5.25 cents.” 

his report September 15th, 1898, the writer, with much mis- 
giving, due insufficiency data, ventured estimate $3.97 per 
million gallons the cost slow filtration proper, and $0.41 per 
million gallons the cost raising the water low-lift pumps, 
making total $4.38. 

Considerable research, including correspondence with all the 
American filtration plants which the writer could learn, developed 
costs filtration alone, ranging all the way from $1.50 $10 per 
million gallons filtered, the latter figure represented Lawrence, 
Mass., and the writer concluded that: 


the absence more exact information, and view the 
excessive turbidity our water flood and the rate wages fixed 
ordinance Councils for 8-hour day’s labor, would unsafe 
estimate the cost operation (exclusive interest cost), for the 
filters contemplated, less than per million gallons, notwithstand- 


The figures indicate economy out proportion the proposed Mr. 
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ing the large dimensions the proposed works which should conduce 
economy, and notwithstanding that the proposed reduction con- 
sumption would greatly facilitate sedimentation. the other hand, 
with proper economy, the cost could not exceed $5.” 


Mr. Bailey’s experience with the Albany filters, deduced from 
their operation from September 5th December 25th, 1899, inclusive, 
and stated his discussion, shows cost, for filtration proper and 
laboratory work, $1.67, and $2.52 for raising the water from the river 
the sedimentation basin, making the total cost $4.19 per million 
gallons. 


Hazen, Am. Soc. (by letter).—The discussion has 
brought out large number practical points, both reference 
the Albany plant and filtration 

The results operation given Mr. Bailey are most gratifying, and 
the cost operation, exhibited the comparison made Dr. Mason, 
very favorable, and shows excellent organization the work. 

The water quantities given Mr. Bailey are taken directly from 
the filter records. Some preliminary experiments have indicated that 
the coefficient discharge assumed computing the orifices was too 
small about and that this amount should added the 
results. The value the coefficient discharge seems almost 
exactly the same whether the orifice submerged not. the 
intention make more precise determinations, and afterward have 
new and correct scales painted and substituted for those now use. 

Since the presentation the paper flood has occurred higher 
than any except that 1857, which was little higher. 
damage was caused, but when the water exceeded the height the 
overfiow the sedimentation basin, the river water entered that 
way. One the pumps was kept operation low rate keep 
the pumping station dry. The operation the filters was not inter- 
rupted interfered with any way. 

discussing the vaulting, Mr. Hill has made certain computations 
quantities, and doing has, apparently, divided the total 
amounts concrete the vaulting and the flooring the number 
bays. doing this, the writer thinks, has overlooked the num- 
ber bays the pure-water reservoir, and has also overlooked the 
fact that nearly half the concrete the floors was the sedimenta- 
tion basin and had nothing with the filters. has also omitted 
the cost the cement. 

The figures for one section, ft. ins. square, corrected, and 
adding the price the cement, are approximately follows: 

executed: 


4.85 cu. yds. flooring, $4.75............. .04 
1.24 cu. yds. brick work, 11.99 
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proposed: 
cu. yds. roof slab, supporting column, floor and 
Centering, cents per square 7.47 


The 5.4 cu. yds. concrete vaulting, per section, given above, 
includes the proportionate part all special structures, and the 
excess weight the cylindrical vaulting near and over the walls. 


Without these, but including the manholes, the actual amount con- 


crete was only 5.1 cu. yds. per section. 

The exact form construction suggested Mr. Hill was not 
cousidered, but several others the same general type were studied 
before the plans were put final shape. Some these methods 
appeared very promising. The cheapening, however, depended upon 
reduction the thickness concrete less While 
good results might doubt have been obtained with concrete 
ins. thick, reinforced with steel, there was known precedent for its 
use under similar conditions. The Water Board was unalterably 
opposed the use any form construction which could 
regarded any degree experimental, and for this reason was 
decided use only types construction which were well demon- 
strated. was therefore necessary postpone until another time 
practical trial the steel and concrete construction. 

would have been better have covered the whole the vault- 
ing with thin layer sand before placing the silt and soil, and, 
particularly, have surrounded the manholes with gravel. The 
draining would have been facilitated this procedure, and the lifting 
the manholes frost would have been made impossible. 

The estimate the cost vaulting per square foot, given Mr. 
William Fuller, little greater than that given the author, 
recently, discussing Mr. Metcalf’s paper.* The difference arises 
from, first, the fact that Mr. Fuller has reckoned the cost the vault- 
ing upon the net filtering area, while the author reckoned upon the 
whole area covered; and, second, the fact that Mr. Fuller has included 
the cost the vaulting the cost that part the floor which 
assumes due its use foundation. The cost vaulting, 
course, much the largest element difference between the costs 
open and covered filters, but should remembered that there are 
other points difference, and that deducting the cost vaulting from 
the cost covered filters does not necessarily give the cost open 
filters. Correct comparisons can only made examining corre- 
sponding designs for filters the two types, using the same unit 
prices. 

Transactions, Am. Soc. E., Vol. 


Mr. Hazen. 
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Mr. William Fuller and Mr. Fowler have suggested that covered 
filters have other advantages than protection against frost which may 
make their construction desirable, even climates where covers are 
not necessary prevent ice. This may sometimes the case, but 
should borne mind that, aside from the question ice, there are 
distinct advantages and disadvantages arising from the use covers. 
The writer does not propose discuss this question length; but 
show that this opinion will state that Dr. Stroh- 
meyer, after making the extended investigations mentioned Mr. 
Whipple’s discussion, states that has come the conclusion that 
open filters have decided advantages over covered ones, quite aside from 
considerations difference cost. Mr. Trautwine also raises this 
question. course, severe climates there question the 
necessity covering filters. only where the winters are not too 
severe that the question arises. 

The sufficiency the vaulting protection against cold has 
been tested during the past winter. Ice has formed thickness 
immediately about the entrances the filters, but has 
been found possible break this ice and let pass through the 
gates leading the overflow chambers the water drawn from the 
filters before cleaning. Over the rest the filters skim ice has 
formed occasionally, but this could thrown aside during cleaning, 
and has not seriously interfered with the work. 

Mr. Rafter right stating that the writer assumed that, the 
whole, cracks are expected. matter common experi- 
ence that small masonry structures remain entirely free from cracks. 
the size the structure increases, particularly the masonry 
comparatively light, the probability cracks increases. should 
remembered that temperature contraction only one the causes 
cracks masonry. Cracks often occur through settlement, and 
Albany six cracks were caused the lifting the walls frost, due 
the exposure some the work uncompleted condition. 
When crack has once occurred not easy matter repair 
that the wall will strong was originally, and then makes 
little difference whether was caused originally settlement, temper- 
ature other causes. 

When the plans were being drawn, the question the bearing 
power the foundations was considered quite seriously. The site was 
soft marsh. Borings showed hard material comparatively 
slight depth over the greater part the area. When test pits were 
dug, clay was found fairly hard first exposed, but shrinking con- 
siderably drying, and, disturbed contact with water, becoming 
very soft. Experiments were made loading ft. this mate- 
nial, and some settlements were observed. part the filters was 
rest upon this foundation, part upon rock, and small part upon 
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still softer clay. was expected that there might settlement Mr. Hazen. 


parts the work. With this view, attempt was made, first, 
distribute the weight over large area possible, thereby reduc- 
ing the probability settlement; second, load the whole founda- 
tion evenly possible, sothat case settlement occurred the whole 
structure would duwn together with the minimum damage; and, 
third, the possibility settlement and cracks was contemplated 
designing all parts the structures, and the endeavor was made 
arrange the masonry that would suffer little possible case 
settlement. Provision for cutting off water coming through cracks 
was also made, described the paper. 

When the excavation was made, the foundation proved much 
better than had felt safe assume from the character the borings 
and test pits; and the fact that measurable settlement occurred 
any part the filters must attributed rather the natural excel- 
lence the foundations than the design. the pumping station 
some settlement actually took place, but the cracks resulting from 
have not proved serious. 

The cross-walls were built brick instead principally 
because the writer supposed that brick would less likely crack 
than concrete; and also because believed that case did crack, 
the cracks could repaired more easily. The writer’s more recent 
experience with concrete, this respect, has been quite favorable; and 
smaller plant, since designed and built, West Superior, Wis., 
all the walls are concrete. The bonding these concrete walls was 
made described the paper, and the writer believes that this 
way the joints between the old and new work are made substantially 
strong any part the work. When cracks occurred Albany, 
they went straight through the walls, and did not follow any these 
joints. 

build masonry structures without cracks certainly desirable. 
The writer believes, however, that much larger proportion the 
inferior work performed filtration plants than generally sup- 
posed has resulted from cracks the masonry structures; and until 
the art masonry construction far advanced make quite 
certain that structures can built without cracks, justifiable 
and necessary designing filters, consider the probable effect 
cracks, and take precautions against the damage which might 
result from them. Such precautions can made entirely effective, 
and comparatively small expense. The writer believes that the 
design Albany such that, had there been many more cracks, 
had there been some little settlement portions the work, the 
structures would still have maintained their stability, and would have 
continued serve the purpose for which they were built. 

reply Mr. Maignen’s question, the sand-washing apparatus 
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not protected from the weather, and sand washed during the 
winter months. The dirty sand during this time piled the 
court washed the spring. would, doubt, possible 
protect the apparatus wash winter, but there objection 
allowing the sand remain until spring. 

regard the thickness the gravel layers, mentioned Mr. 
Fowler and Mr. Fuller, the writer has constructed and observed 
many filters during the last dozen years, many them experimental, 
and smaller number for actual work. many cases has used 
gravel layers thinner than those Albany. does not remember 
that has ever used thicker layers aggregate, although 
some cases the minimum over the tops the drains may have been 
little greater. has had occasion examine quite number 
the drains after they had been use for considerable periods, and 
case has been led think that thicker gravel layers would have 
been desirable. Thin gravel layers, the right sizes and carefully 
placed, are, his opinion, quite good thicker ones. Much 
thicker layers, carelessly placed, not the right sizes, are entirely 
inadequate. cheaper and better every way use com- 
paratively thin layers, and take the trouble make them right, 
and have them effective, than use thicker layers and depend 
certain extent upon chance for the results. 

The methods adopted the contractors Albany for screening 
and placing the gravel were particularly satisfactory. There has not 
been the slightest evidence incomplete support, nor does the writer 
consider that there any danger that the sand will get into the 
gravel injure the filters. 

this connection, may stated that the coarse gravel over the 
drains, and particularly about the joints, was placed with unusual 
care. The workmen were instructed personally the methods 
adopted this part the work. They quickly became skillful at. 
it, and were faithful carrying out their instructions. 

Mr. Fowler mentions the clogging the holes the inlet pipes 
the sedimentation basin. practice, found that these holes are 
stopped up, certain extent. The appearance the outlets not 
very much changed until considerable proportion the holes 
stopped. Practically, the rate pumping always exceeds the capacity 
the holes, and water always flowing over the tops the pipes. 
necessary clean the holes intervals, and this done with 
broom, man boat. The cleaning done very quickly. 
can done any time when the pumps are stopped, or, when they 
are running, shutting off the inlets rotation. The inlets have 
actually intervals week two, and the labor 
required was very slight. 

another time, the writer would put the inlets somewhat farther 
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away from the bank. With this done, would possible leave mr. 


the perforated pipes position during the winter. is, the spray 
from them builds ice upon the bank. They were actually taken off 
soon after the commencement cold weather. This not very 
important matter, they are easily taken off; there probably 
necessity for aeration during the winter, and, with the lower lift, 
little coal saved. 

The question raised Mr. Fowler the size individual filters 
and the number beds plant, important one. should 
remembered, however, that while the convenience opera- 
tion generally increased increasing the number beds, the cost 
construction per unit area also increased, and may often 
found best sacrifice something present convenience economy 
construction or, other words, with given sum money, 
build larger area large beds, rather than smaller area small 
ones. 

The comparisons populations upon several rivers, mentioned 
Mr. Trautwine, are extremely interesting. should noted, how- 
ever, that the figures given the writer for the Hudson River include 
only the populations cities, towns and villages, and, stated the 
paper, not include the rural population. The rural population, 
obtained going over the water-shed counties, and deducting the 
populations cities, towns and villages given the table, amounts 
about per square mile for 1890. The rural population does not 
change rapidly, and close approximation the total population 
the various dates would obtained adding per square mile 
the figures for the urban population given the table. 

The methods distribution the cost various parts the 
plant, given Mr. Trautwine, are not entirely clear the writer. 
The figures given the paper were obtained going over each item 
somewhat carefully, and allotting the proper proportion the struct- 
ures indicated. The final results were given round numbers, 
because the impossibility deciding the exact points division 
between the various parts mentioned. 

The question raised Mr. Fuller, the quality the 
raw water, has been already answered part Mr. Bailey his 
discussion. Data upon these points are rapidly being accumulated 
the laboratory the works, and much more complete results will 
available after little while. The data hand the time the 
preparation the paper were meager comparison with those 
now being obtained, that was thought best let the matter stand 
until could discussed more adequately. 

The general character the water, regards muddiness, 
between the very clear waters most New England streams, and the 
turbid waters the Middle States, although resembles the former 
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more than the latter. Generally, the raw water comparatively 
clear, but very muddy water obtained occasionally, especially 
from the Mohawk, which drains clayey country from which the 
water quite muddy. The fluctuations turbidity are much less 
rapid Albany than some other places, and when the water 
becomes turbid remains for several days. The greatest tur- 
bidity yet observed such that bright platinum wire 0.04 in. 
diameter can seen through only in. water. 

reply Mr. Whipple’s question, Bleecker Reservoir, which 
perhaps the most important the distributing reservoirs, has recently 
been thoroughly cleaned. The laboratory connection with the filter 
plant will make studies the vegetable growths which occur the 
reservoirs, but too early draw any conclusions upon this point. 

The odor due gas waste, mentioned Dr. Mason, first occurred 
after the paper was prepared. The odor was offensive only one 
occasion during the fall, resulting from combination extremely 
low water, spring tides, and south wind. Dr. Mason has indicated 
the proper solution this problem, and the gas company has made 
arrangements build drain the Patroons Creek sewer, that this 
material, instead being discharged into the back channel, will 
discharged into the river below the southern end the island, where 
the opportunities for dilution will much greater. also 
hoped that improved methods the gas works will reduce the 
amount this highly objectionable material discharged into the 
river. should understood that this odor was due material dis- 
charged into the back channel point near the intake, and carried 
comparatively concentrated condition, and not material 
which had become mixed with considerable portion water flowing 
the river. 
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MINUTES MEETINGS. 


THE SOCIETY. 


May 1900.—The meeting was called order 8.45 Vice- 
President Rudolph Hering the chair; Charles Warren Hunt, Secre- 
tary, and present, also, members and visitors. 

The minutes the meetings April 4th and 18th, 1900, printed 
Proceedings for April, 1900, were approved. 

Practical Column under Central and Eccentric Loads,” was presented 
the Secretary, who also presented written discussion the paper 
Ernst Jonson, Assoc. Am. Soc. The subject was dis- 
Prichard. 
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Ballots were canvassed and the following candidates declared 
elected: 
MEMBERS. 


Vera Cruz, Mex. 

Bopy, Coatzacoalcos, Mex. 
ALFRED WILLARD Brooklyn, 
CLIFFORD STEPHEN Westfield, 
Henry St. Thomas, Ont. 
Joun New York City. 

ALEXANDER Ross, Leavenworth, Kans. 
ALBIGENSE Leavenworth, Kans. 


MEMBERS. 


New York City. 

Jamaica Plain, Mass. 
Joun Bruce New York City. 

Stewart Madison, Me. 
Rosert Epwarp Moss, Bloomfield, 
Henry New Haven, Conn. 
Macy East Machias, Me. 

Rupy SHELLENBERGER, Philadelphia, Pa. 
Henry Hupson New Berlin, 
WINSLOW SHERMAN, Boston, Mass. 


Announcement was made that the following candidates were elected 
the Board Direction, May Ist, 1900: 


ASSOCIATES. 


Ernest New York City. 
HERBERT Chestnut Hill, Mass. 


JUNIORS. 


Epmonp Philadelphia, Pa. 


Day, New York City. 
Horace Remer Detroit, Mich. 
Epwarp Eastman New Haven, Conn. 
Lazarus New York City. 


Adjourned. 


May 16th, 1900.—The meeting was called order 8.45 
Samuel Whinery, Director, the chair; Charles Warren Hunt, Secre- 
tary, and present, also, 110 members and visitors. 

informal discussion Structural Steel for Buildings; Wrought 
Tron; and Structural Steel for Bridges and Ships was opened Mans- 
field Merriman, Am. Soc. The subject was discussed 
Messrs. Howe, William Webster, Henry Goldmark, 
Campbell, Burr, Buck and Henry Seaman. 

The Secretary presented written discussion the subject 

The Secretary announced the death Davis; elected 
Member February 1st, 1888; died May 3d, 1900. 


Adjourned. 


THE BOARD DIRECTION. 


May 1900.—The Board met 8.20 p.m., Vice-President 
Hering the Chair; Charles Warren Hunt, Secretary, and present, 
also, Messrs. Buchholz, Deyo, Knap, Manley, Morison, Noble, 
O’Rourke, Ricketts, Seaman, Turner and Whinery. 

Action was taken regard members arrears for dues. 

agreement was authorized reducing the rate interest the 
mortgage the Society property from per cent. 

The Secretary was authorized send circular showing the geo- 
graphical districts into which the Society divided for the purposes 
the Nominating Committee, and giving members each district 
opportunity nominate representative that Committee, such 
nominations presented the Annual Convention. 

Applications were considered and other routine business trans- 
acted. 


Two candidates for Associate and seven for Junior were 
Adjourned. 


See page 142. 
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accordance with the resolution the Board Direction the 
House the Society openevery day, except Sunday, from 

MEETINGS. 

Wednesday, June 6th, 1900.—This will the last meeting before 
the summer vacation. Ballots for membership will canvassed, and 
paper Kummer, Jun. Am. E., entitled, ‘‘A Pro- 
posed Method for the Preservation Timber,” will presented for 


discussion. This paper printed the current number 
ceedings. 


Wednesday, September 5th, 1900.—A regular business meeting 
will held. Ballots for membership will canvassed, and paper 
Elwood Mead, Am. E., entitled, Irrigation Studies,” 


will presented for discussion. This paper printed the current 
number Proceedings. 


THIRTY-SECOND ANNUAL CONVENTION. 


The Thirty-second Annual Convention the Society will held 
the House the Institution Civil Engineers, Great George St., 
Westminster, W., London, England, beginning Monday, July 
2d, 1900, and continuing during that week. 

The general arrangements for the Convention are the hands 
Committee the Board Direction, consisting the following: 


The following Local Committee Arrangements has been appointed 
the Board Direction: 


Sir BENJAMIN BAKER, 
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The subjects for informal discussion have been printed Pro- 
ceedings.* 

The opening session the Convention will held during the 
afternoon Monday, July 2d, 1900, when the Society will wel- 
comed the President the Institution, Sir Douglas Fox; and 
John Wallace, President, Am. E., will deliver the Annual 
Address. 

Monday evening the first the topical discussions, relating 
High Buildings, will opened Corydon Purdy, Am. Soc. 
E., who will illustrate his remarks with stereopticon views. 

Other meetings will arranged for the discussion the other 
subjects, and time will set for Business Meeting. The dates 
and other particulars these meetings, well excursions points 
interest, will arranged the Local Committee. 

Members who are unable attend are invited send written 
communications any the subjects, for presentation the 
meeting. 

the evening Thursday, July 5th, 1900, the Institution will 
hold its Annual Conversazione the ancient Guildhall the City 
London, and has invited the members the Society, well the 
ladies their families, this function. 


NOMINATING COMMITTEE. 


map showing the seven geographical districts into which the 
territory occupied the membership divided, for the purposes 
the Nominating Committee, printed page 146. 


The members the Nominating Committee holding over and the 


districts they represent are given the following list: 


From each district another representative appointed 
the Business Meeting the Annual Convention. 


Corporate Members have recently been given the opportunity 
sending the name their choice, the nominations made 
presented the Business Meeting. 


Vol. xxvi, (April, 1900). 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


CURRENT TECHNICAL LITERATURE. 147 


(April 11th May 9th, 1900.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured-by addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 

(2) Proceedings, Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

Can. Soc. E., Mon- 
treal, Que., Can. 

(6) School Mines Columbia 
Univ., New York City, 50c. 

(7) Technology Quarterly, Mass. Inst. 

oston, Mass., 75c. 

Institute, Hoboken, J., 


Magazine, New York City, 


New York City, 
The Engineer (London), 
News Co., New York City, 35c. 
(13) Engineering News, New York City, 


(14) Record, New York 
Gazette, New York City, 


(16) and Mining Journal, 
New York City. 15c. 
Street Railway New York 
City, 
(18) Railway and Engineering Review, 
Chicago, 


(20) Age, New York City, 

(21) Engineer, London, Eng- 


and. 

(22) Iron and Coal Trades Review, Lon- 
don, England. 
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LIST ARTICLES. 
Bridge. 


Rebuilding the Kinnickinnic River Swing Bridge the Chicago Northwestern Rail- 
way, Milwaukee, Wis.* Francis Bainbridge. (4) April. 

Plate-Girder Swing Bridge, Chicago, Milwaukee St. Paul 

ril 19, 

The Position Wheel Loads Causing Maximum Stresses Web Members.* 
Howe. (15) April 20. 

The Memorial Bridge Across the Potomac.* (14) 

Erection Towers, New East River Bridge.* (14) May 


Electrical. 


Hysteresis Sheet Iron and Steel.* Arthur Hillyer Ford. (42) March. 

The Design Rotary Converters.* Parshalland Hobart. (11) Serial begin- 
ning Sept. 29, 1899, ending April 27, 1900. 

The Willesden Electricity Works the Metropolitan Electric Supply Company, Lim- 
ited.* (26) Serial beginning March 23, ending April 

The Electric Wiring Buildings.* Chamen. (47) Serial beginning March 31, 
ending April 14. 

Grounds Underground Trolley Railway Systems. (17) April. 

Three-Phase Transmission the Union Railroad, Providence, Burcham Hard- 


(17) 
ectric Lighting St. Petersburg.* (26) Serial beginning April ending April 


Storage Battery Problems. Wade. (47) 
York Corporation Electricity Works.* (26) April 13. 
raction Under Steam Railway Conditions. Boynton. (47) April 
The Facilities Afforded the Office Standard Weights and Measures for the Verifi- 
Standards and Electrical Measuring Apparatus. Frank Wolff, 
(19) 
The Production Asymmetrical Alternating Currents Means Electrolytic Polar- 
ization.* (27) Serial beginning April 14, ending April 21. 
Traction Motor Suspensions.* Ernest Kilburn Scott. (26) Serial beginning April 13, 
ending April 20. 
Electrolysis. Jenkins. (24) April 
tandardization Automobile Batteries. James (19) April 28. 
and Care Electric Meters. Kelly. April 30. 
Electricity the Paris Exposition 1900.* (27) May 
the Ground Return Current Street Railways.* Albert Herrick. 
17) May 
Power Railroads. Frahm. (50) Serial beginning April 15, 
ending May 
Télégraphie Sous-Marine France. (32) April, Premiére Quinzaine. 


Marine. 


Analysis the Speed-Trial the Twin-Screw Steam Yacht Sovereign. 
ethod Trial Robert Haight. (8) April. 

Coal Economy Screw Ferryboats. Col. Stevens. (8) April. 

Corrosion and Failure Propeller Shafts.* Younger. (12) April 20. 

Depth Water the Resistance Ships. Giuseppe Rota. (11) 
pril 20. 

Shipping and Shipbuilding the United States. James Ross. (19) April 28. 

Floating Dry Dock for the Naval Station Algiers, La.* (13) 

May o. 
German Shipbuilding and Auxiliary Industries.* (50) May 
Development Construction Navale Belgique. (30) April. 


Mechanical. 


Interesting Problem Thermodynamics. Lewis Sanders. (8) April. 

Steam Pipes. Parsons. (8) April. 

The Steam Engine the End the Nineteenth Century.* Thurston. (47) 
Serial beginning April ending April 21. 

The Transfer Heat Between the Steam and Cylinder Walls. (47) 

Westinghouse-Parsons Steam Westinghouse Air Brake Works Wilmerding, 
Three Engines.* (62) April 12. 

The Westinghouse-Parsons Steam Turbine.* April 13. 

The Berthier Method Coal Calorimetry.* Kerr. (20) April 19. 

Progress the Gas Engine.* Kerr. (24) April 23. 

The Beal Valve for Gas Works.* (24) April 23. 

Milling Machine Company: Special Methods and Appliances.* 

20) April 26. 

Mysterious Fractures Steel Shafts.* R.Schanzer. (11) April 27. 

Large Gas Motors Modern Power Houses.* Max Miinzel. (48) March 31. 

The Increasing Use Large Gas-Motors Modern Power Plants.* Serial begin- 
ning March 15, ending April 

Experiments with the First Blast-Furnace Gas Blower Engine.* (50) April 
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Mechanical—(Continued). 
and Use Power from Blast-Furnace Gas. Horace Allen. (22) 
pril 27. 

The Hydraulic System Air Compression. April 28. 

The Effective Lubrication Journals.* Snook. (9) May. 

The Modern Boiler Shop.* Joseph Horner. (10) 

Horizontal British Steam Engines.* (10) May. 

The Gas Engine Practica: Use.* J.D. Lyon. (62) May 

Westinghouse-Parsons Steam Turbine Plant.* Burcham Harding. (14) May 

Les Machines Vapeur: Formule Générale Rendement.* Nadal. (37) Serial 
beginning February, ending March. 


Military. 


Modern Weapons and Their Influence Tactics and Organization. Captain 
James. (44) March. 


Modern Field Artillery.* (19) April 28. 
Electrical Apparatus Military Operations.* John Wisser. (9) May. 


Mining. 


Colliery Surface Arrangements; For the Delivery Coal from Pit Cage into Railway 
Waggons, for Gross Quantity of, say, 1,500 Tons per Day, Exclusive Coal Wash- 
ing and Coking.* Everett. (22) April 

The Colliery Locomotive. (22) Serial beginning April ending April 13. 

The Lixiviation Gold Deposits Vegetation. Dr. Lungwitz. (16) April 28. 

Working Deep Coal Beds: New Method Overcoming Some the Difficulties Met 
with Mines Attain Greater Depth.* H.M.Chance. (45) May. 

Mine Dams. James McNaughton. (16) May 


Municipal. 


Some Theories Regarding Cement Walks.* Daniel Luten. (14) April 14. 
Municipal Cleansing Great Britain. (13) April 26. 


Railroad. 


and Might Be. Rudd. Serial beginning January 26, 
ending May 
The Langen Mono-Rail Suspended Railway Elberfeld-Barmen.* (12) Serial beginning 
March 30, ending April 20. 
Dayton, O., Interurban Railway Center.* April. 
American and British City Transportation Methods.* 
Edward Higgins. (17) April. 
The Electric Tramway Perth.* (17) 
The Proper Care Packing Journal Boxes; Its Important Relation Successful 
Lubrication.* H.C. McCarty. (39) April. 
Locomotive Design. (15) April 13. 
Recent Practice and the Future the Locomotive. Deans. (47) April 14. 
Compensation for Carrying Mails. Kruttschnitt. (15) April 20. 
Railway Blacksmithing. Stephen Uren. (18) April 21. 
Smoke Prevention the Railways entering Chicago. (13) April 26. 
ell. April 27. 
The Westinghouse Electro-Magnetic Traction System for Tramways.* (12) April 27. 
Prevention Wear Driving Wheel Flanges.* (25) May. 
The Westinghouse Friction Draft Gear.* 
Interlocking Protection for Grade Crossings.* Vernon. (18) May 
aw. (17) 
The Waterloo and City Railway.* (63) Vol. cxxxix, Pt. 
Block System for Single-Track Railroads. Rank. April 13. 
The Connection between the Great Siberian and the East Chinese Railroads. Ips- 
berg. (52) March 15. 
Note sur les Nouvelles Machines Simple Expansion Tiroirs Cylindriques 
des Chemins Fer Résultats Obtenus Service, Comparison avec les 
Machines Compound. Desdouits. (38) Serial March, ending April. 
Locomotive Marchandises Américaine.* (36) April 10. 
Méthode Graphique pour Reconnaissance Vérification Tracé des Voies 
Chemins Fer. Desdouits.* (43) 4th Trimestre, 1900. 
tation des Chemins Fer Local des Tramways. Doniol. (32) April, 
Deuxiéme Quinzaine. 
Sanitary. 


The Worcester Sludge (14) April 21. 

Notes Garbage Disposal Cincinnati, Ohio. (13) April 26. 

The Hygiene Ventilation. (22) April 27. 

Heating the Methodist Episcopal Home for the Aged, Philadephia.* 
14) April 28. 


Refuse-Destructors and Power Plants.* Russell. (63) Vol. cxxxix, 
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Structural. 


Preservative Treatment Timber. Chanute. (4) April. 

New Iron and Steel Works Plant.* (22) Serial ending April 13. 
The Second Fire the Fireproof Horne Store Building, Pittsburg, Pa.* (13) April 26. 
Riddles Wrought Iron and Steel. Paul Kreuzpointner. (3) May. 

Concrete Church.* (14) May 


Experiments the Elasticity Cast Iron with High Tensile Strength.* Bach. 
(48) March 13. 


The Hennebique System Construction. Ast. (53) March 30. 
Topographical. 

Railroad Preliminary Survey Stadia.* John Lary. (4) February. 
Water Supply. 


Water-Power for Electric Traction the Isle Man.* (26) April 

Failure the Austin Dam.* (14) April 14. 

Failure the Great Masonry Dam Across the Colorado River Austin, (13) 
April 12; April 19. 

Failure the Austin Dam.* Parker. (14) April 21. 

Progress the New Water-Works for Cincinnati, Ohio.* (13) April 26. 

The Auxiliary Hydraulic Pumping Plant the Peoria Water-Works Co., Peoria, 
Dabney Maury, Jr., Am. (13) April 26. 

The Disaster the Water Power Plant Hannawa Falls, Y.* (13) April 26. 

The Reconstructed Canyon Ferry Dam, near Helena, Mont.* (13) April 26. 

Construction the Shawinigan Water and Power Company’s Plant.* (14) April 28. 

The Failure the Masonry Dam Austin, Texas. (19) April 28. 

The Failure the Stand-Pipe Elgin, William Pence. (13) May 

Water Purification Vincennes, Ind.* (13) May 


Distribution d’Eau Ville Vienne (Autriche) Etablissement d’un Nouveau 
Chateau d’Eau.* (33) March 31. 


Waterways. 


Assumed Inconstancy the Level Lake Nicaragua: Question the Perma- 
nency the Nicaraguan Canal. Willard Hayes. (19) April 28. 
Canal Gustave Cadart. (43) 4th Trimestre, 1899. 


Tilustrated. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


RAILROAD CONSTRUCTION. 


Theory and Practice: Text-Book for the Use Students 
Colleges and Technical Schools. Walter Loring Webb, Assoc. 
Am. Soc. Cloth, ins., 456 pp., illus. New York, John 
Wiley Sons, 1900. $5.00. 


This book written for students railroad engineering technical 

institutions. The contents are: Railroad Surveys; Alignment; Earthwork; Trestles; 

Tunnels; Culverts and Minor Bridges; Ballast; Ties and Other Forms Rail Support; 

Rail-Fastenings; Switches and Crossings; Appendix. The Adjustment 
nstruments. 


THE STRENGTH MATERIALS, 


Text-Book for Manual Training Schools. Mansfield Merri- 
man. Second Edition, Revised. Cloth, ins., 124 pp. New 
York, John Wiley Sons, 1898. $1.00. 


thistreatise attempt has been made give presentation the subject 
the strength materials, beams, columns and shafts, which may understood 
those not acquainted with the calculus. The book deals mainly with strength, the 
subject elastic deformations occupying subordinate place. There chapter 
the and general properties materials, and also one resilience and 
impact. 


THE TECHNIC MECHANICAL DRAFTING. 


Practical Guide Neat, Correct and Legible Drawing. 
Charles Reinhardt. Cloth, ins., pp., illus. New York. 
The Engineering News Publishing Company, 1900. $1.00. 


the preface the author states that the book has been prepared for the purpose 
furnishing draftsmen thoroughly practical guide good mechanical drafting; 
attention has been paid the mathematics involved. Many the illustrations used 
this work have appeared the columns Engineering News. 
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Connor, Epwarp Hanson, Jun. 
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WALTER, 


Jun. 
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Justus 
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Davis, PowELL, 


Hydrographer, Geological Survey, Assoc. 


ALFRED WILLARD, 
196 Joralemon St., Brooklyn, 


Army Bldg., Whitehall St., New York 
Oscar, 
City Eng., and Eng. the Water Board, Watertown, 
GEORGE CALEB, 
215 West 125th St., New York City 


CLARENCE Jun. 
Civ. and Cons. Eng., Pearl St., Hartford, Assoc. 


ASSOCIATE MEMBERS. 


CUNNINGHAM, 
612 Chamber Commerce, Portland, Ore....... 
Ezra, 


Supt., Hudson River Bridge Co., Albany, Jun. 
Assoc. 


LAWRENCE, 

Lincoln Terrace, Yonkers, 

Asst. Eng., Paso and Northeastern Ry., Alamogordo, 


Green St., Jamaica Plain, Mass........... Assoc. 


CLARENCE WILLIAM, 


Civil Eng. Board Water Commissioners, 
Assoc. 


232 Jefferson Ave., Detroit, Mich.......... 
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May 1900 
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Oct. 1896 
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Mar. 1900 
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Snow and Humphreys, Madison, 
Huston, 
Tacon No. Havana, Cuba 
Kenyon, 
West’ Derby, England 
Lion, 
local charge, Lower Tensas Levee District, Jun. 
1010 Burgundy St., New Orleans, Assoc. 
Church St., New Haven, Conn Assoc. 
Harry 
Civil Navy, Bureau Yards Jun. 
Docks, Navy Department, Washington, D.C. Assoc. 
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Supt., Unadilla Valley New Berlin, 
SHERMAN, CHARLES WINSLOW, 
Asst. Eng., Sudbury Dept., Met. Water- Jun. 
Works, Mt. Vernon St., Boston, Mass.... Assoc. 
Asst. Eng Buffalo Railway Co., Buffalo, 


ASSOCIATE. 
ACKERMAN, Ernest 


Pres., Lawrence Cement Co, Broadway, New York 


JUNIORS. 
Apams, 


Recorder Engineer Office, Witherspoon 
Bldg., Philadelphia, Pa.......... 
CRAWFORD, EMMANUEL, 
Fox Chase, Philadelphia, 
Day, 
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Prin. Asst. Eng., Great Northern Portland Cement Co., 
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Civil Eng., Office Hill, 123 Columbus Ave., 
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Van 
Inspector, Michigan Lake Superior Power Co., Sault Ste. 
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Hill, Quick and Allen, Cons. Engrs., 520 
Equitable Bldg., Baltimore, Md. 
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CLARENCE....... ...5518 Chestnut St., New Orleans, La. 

JAMES 1819 Summit St., Kansas City, Mo. 

ALFRED PANCOAST....... Nassau St., New York City. 

Brown, HENRY........... Chf. Eng., Eastern Bridge and Structural 
Co., Front St., Worcester, Mass. 

Nassau St., 16th Floor, New York City. 

ELMER LAWRENCE..... Nassau St., New York City. 


Bethlehem, Pa. 


BUTLER......... Fairview Ave., South Orange, 

Pres., Puget Sound Bridge Dredging Co., 

901 First Ave., Seattle, Wash. 

GEORGE Eastern Representative, The King Bridge 
Co., 120 Liberty St., New York City. 

CHARLES EDWIN........ Asst. Eng., Zanesville, Ohio. 

519 Temple Court, Beekman St., New 
York City. 

JAMES 606 Commercial Place, New Orleans, La. 

Henry Nassau St., New York City. 
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York City. 
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Cox, Civ. Eng., Navy, New York Navy 
Yard, New York City. 

Davis........ Chf. Eng City Havana, Havana, Cuba. 

Davis, CARLETON EMERSON ...... 500 Bloomfield Ave., Montclair, 

Dunn, Post Office Bldg., Columbus, Ga. 

Cumberland Electric Light and Power Co., 
Nashville, Tenn. 

Fort, Epwin Niagara Falls, 

516 West 183d St., New York City. 


FERDINAND Heyl Patterson, 51-53 Water St., 
Pittsburg, Pa. 

WALLACE Asst, Eng. charge Estimating Dept., 
New England Structural Co., Post 
Office Square, Boston, 

The Altoona Logan Val. Elec. Ry. 
Co., Altoona, Pa. 


St., Room 1401, New York City. 

Hays, Asst. Eng., Eng. Corps, Rapid Transit 
Comm., Pierrepont St., Brooklyn, 

RosENBERG, Hudson St., Hoboken, 

Harry CHARLES........ With the Degnon-McLean Const. Co., 
Park Row, New York City. 

JOHN Care Berlin Iron Bridge Co., East Berlin, 
Conn. 

CHAUNCEY GRANT...... 117 Montague St., Brooklyn, 


ASSOCIATE. 


LINDENBERGER, Adelaide St., Detroit, Mich. 


JUNIORS, 


Bascom, Harry 645 Chew St., Allentown, Pa. 

Cor. Cedar Road Siwanoy New 
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KINKEAD ....... Eastern Agent, The Pittsburg Reduction 
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44 
| 
{ 
J 


156 MEMBERSHIP—-DEATHS. 


Mountain Copper Co., Keswick, 
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PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


PROPOSED METHOD FOR THE PRESERVATION 
TIMBER. 


PRESENTED JUNE 1900. 


presenting these notes upon proposed method for the treat- 
ment timber preserve from decay, the writer fully realizes that 
they may seem add but little the mass information already 
collected upon that important subject; but the experiments which 


are herein described and the direction which they lead, indicate 


line improvement the preservation timber which will prove 
interest. 


many figures have already been presented, proving the great. 


need successful method timber preservation and the immense 
value such process—could one secured, giving practical 
results reasonable cost—that the means which this result may 
obtained may once considered without stopping prove its 
necessity. 


The experiments herein described, and the lines upon which the 


proposed process has been developed, were made, particularly with 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
zent mail the Secretary. Discussion, either oral written, will published 


subsequent number Proceedings. and, when finally closed, the papers with discussion. 
full will published Transactions. 
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KUMMER PRESERVATION TIMBER. 553 


view improving what present known the creosoting process, 
being believed that this process would command much more exten- 
sive use certain mechanical difficulties, now met with connection 
with its application timber, and particularly railroad ties, could 
removed. The improvement this process was also attempted 
because its acknowledged merit when properly applied. 
present applied, possesses certain features which preclude its exten- 
sive use the treatment railroad ties. If, simplification 
improvement the process now used, the objections hitherto 
raised may overcome without sacrificing any the advan- 
tages which possesses, and if, further, this can accomplished 
greater cost, the resulting process would commend itself engi- 
neers generally. 

The often-quoted report* the Committee this Society, presented 
1885, said part: 


the exposure that railroad tie, creosoting doubt- 
less the most perfect process use; but view the expense, 
may preferable use cheaper process, dependent somewhat upon 
the location.” 

probable that the present time greater expense for treat- 
ment would warranted the cost timber, well the gen- 
eral conditions roadbed maintenance, particularly upon eastern 
roads. Without here entering upon discussion the expense for 
preservation which would justified under given conditions, 
would perhaps better discuss first the proposed process from 
technical standpoint and, after arriving its cost, determine what 
extent process given per tie could used. 

The creosoting process present applied one the largest, 
not the largest, creosoting works the world, described part 
follows the printed publications that company: 

Bethel process, the first use dead coal-tar, consisted 
drying the timber naturally, then applying cold vacuum. This 
takes too long time, large timbers, dry this manner, take 
from to6 months. Consumers creosoted timber this country 
cannot wait for timber dry naturally, and steam heat was intro- 
superheating, the process reduced small fraction time. 
our process timber can used fresh from the stump water, 
and few hours the sap and moisture extracted means our 


Transactions, E., Vol. xiv, page 290. 
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immense steam boilers and coils, also our powerful vacuum pumps, 
and prepared for impregnating with 

timber first loaded cars and run into the cylinders 
which are then hermetically sealed with immense iron heads. Steam 
then admitted into the cylinder and surrounding the timber, super- 
heated steam also introduced into the cylinders means large 
coils that does not come contact with the timber, and the heat 
maintained until the timber heated all through low tempera- 
ture not injure the woody fibers. The cylinder then freed 
all vapors, and the vacuum pumps are put work exhaust all 
the sap and moisture, which then the shape vapor, from the 
Heat maintained the coils prevent the vapor from 
condensing and thereby remaining the timber. the vacuum pumps 
are constantly removing the hot vapor from the timber 
necessary keep the heat above the condensing point. this 
requires practical experience and means knowing what such heat 
is, and said before, these two parts the process are the most im- 
portant, and, properly done, the oil will readily forced into the 
timber. After this has been done the oil admitted into the cylinders 
while they are under vacuum, and when all the air has been withdrawn 
they are subjected pressure until the requisite amount (which 
determined correct gauges and thermometers) has been forced into 
the timber, which, the timber has been properly prepared, only 
small part the process; but this has not been well done, the oil 
cannot put into the timber. The cells healthy timber are full 
different substances, which, when subjected heat, can changed 
into vapor, and unless the vapor has been completely removed you 
cannot force the oil into the timber, matter how long the pressure 
applied. only practical knowledge and delicate instruments 
that determine when the heat has the center the timber, 
and the vapor there formed has been removed. 

will decay any part the timber that has been 
permeated with the oil, but have all parts saturated expensive 
and useless; for, after the timber has been thoroughly treated the 
heat and vacuum process will last long time without any oil, and 
the crevices and pores are sealed with the oil asufficient depth 
the timber good the whole part had been thoroughly per- 
meated with the oil. The quantity oil used should deter- 
mined the use which the timber subjected.” 


Before making any comments upon the process just described, the 
writer will give the reasons for the decay timber, and state exactly 
what steps should taken prevent this decay. Having done this, 
will analyze the dead oil coal-tar process present used, and 
see whether these necessary steps are carried out properly. 


d “i 
q 


KUMMER PRESERVATION TIMBER. 555 


There are two causes for the decay timber. through the 
fermentation its contained sap, such fermentation being caused 
the germs contained developed the sap. through the 
introduction germs decay from without, through the action air 
water. Mr. Curtis says:* 

perish mechanical destruction the fibers under the 
rail; splitting seasoning and cutting out fiber respiking; and 
natural decay. its normal condition, resist these three 
ences, timber required which shall have sufficient hardness re- 
sist the mechanical injury, high degree coherence between 
fibers, and sap such chemical composition will offer the least 


encouragement the development the fungoid life which destroys 
the 


treat tie satisfactorily, must first sterilized throughout; 
removing the same time much the contained moisture 
possible without injury the fiber the wood. Fermentation cannot 
then take place from within. must then treated such man- 
ner that germs decay cannot enter from without, or, they 
enter, that the conditions for their development are highly unfavor- 
able. must further provided that the antiseptic injected will 
not dissipated through any agency, and, the timber sub- 
jected the crushing effect heavy railroad traffic, must some 
way provided that the timber protected will able resist the 
weights which will pass over it, without excessive crushing. 

Ifa tie subjected throughout sterilizing temperature 
212°, the agencies fermentation decay existing the sap will 
killed, and, prevented from again entering the timber from without, 
decay cannot take place. This leads the first important conclusion 
namely, that complete sterilization throughout necessity the 
treatment timber. Without such sterilization form treatment. 
can satisfactory unless the timber completely impregnated 
throughout its entire mass with antiseptic material, which rarely 
ever accomplished with large timber. Such sterilization means 
fully 212° the heart the stick. Wood poor conductor 
heat, and, secure 212° more the heart, two ways are open: 
First, long exposure temperature say 215 225° Fahr., which 
expensive because the time consumed; second, exposure tem- 
perature 290 300° Fahr., which, under ordinary conditions, will 


Transactions, Am. E., Vol. xlii, 288. 


x 
j 
} 
— 
t 


556 KUMMER PRESERVATION TIMBER. [Papers. 


injure the fiber the wood, least induce extensive splitting 
cracking. The necessity for sterilizing not brought out the de- 
scription the creosoting process previously given, and seems 
point, the vital nature which not generally recognized. Ex- 
periments made upon yellow pine ties, ins. ins. ft., having 
self-registering thermometers imbedded the heart means 
auger hole, ins. deep, bored from the end, showed that with tem- 
perature 230° Fahr. the cylinder, and the surface the tie, 
178° Fahr. was secured the center two hours, while with 290° Fahr. 
the outside, 249° Fahr. was secured two hours. Starting with 
sterilization absolute necessity, evident that, such 
temperature 290° can used without injury the timber, com- 
plete sterilization will effected, and reasonably short time. 
would well state here that, with few exceptions, the experi- 
ments were made long-leaf yellow pine the best merchantable 
grade, the exceptions being several experiments upon white oak 
timber, which showed that not capable treatment such 
process, owing its great tendency split and crack under high 
temperatures. 

The method adopted render the use such high temperatures 
possible the treatment yellow pine the application pressure 
simultaneously with the application heat. When the doors are 
closed the heat raised 215° Fahr. without pressure, taking one 
hour accomplish this, and kept for one hour 215° without press- 
ure. This for the purpose getting rid the moisture. Then 
the heat increased, pressure applied, and both are raised gradu- 
ally, avoid injury the fiber, for two hours, until the heat 
reached about 285° and the pressure about and both are held 
there for one hour. The heat then shut off, and the tanks are 
allowed cool gradually for one hour. the end this time the 
heat reduced 250° and the pressure about The pressure 
then blown off and the heat still further reduced. Vacuum then 
applied until about ins. reached, and while under vacuum the 
mixture run into the cylinder temperature 175 200° and 
hydraulic pressure applied reaching 200 lbs. per square inch, and kept 
this point until the desired amount the mixture absorbed. The 
liquid then run off, and the wood placed another cylinder, and 
milk lime temperature about 150°, run in, and hydraulic 
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pressure about 200 lbs. applied for from one-half one hour. 
The following condensed table the treatment: 


hour reach...... 


hours (heat and pressure applied gradually) 

hour (90 Ibs. pressure) 285 


hour cooling. 

hour vacuum (26 ins.). 

hour filling cylinders with mixture. 
hours pressure (average lbs. absorption). 
hour emptying tanks. 

hour under lime and pressure treatment. 


The time will increased decreased, keeping with the amount 
absorption required. 

The treatment green” lumber herein mentioned consists 
simply putting the lumber the cylinders and raising the heat 
about the temperature the liquid—say 200°—and then running the 
liquid and keeping there from hours. course, this does 
not sterilize give good absorption. 

After the preliminary treatment, the temperature the interior 
the cylinder raised 285 290° Fahr. this temperature were 
maintained atmospheric pressure, not only would the sudden and 
rapid evaporation the remaining moisture the stick induce 
splitting and cracking, but the volatile oils the wood would 
driven off, and this not desirable, inasmuch they play not unim- 
portant part the preservation the timber. Air pressure there- 
fore maintained the closed cylinder about lbs. per square 
inch, that while the tie sterilized heat, the natural oils are not 
driven off, and splitting and cracking does not result, while the heat 
the maximum. 

One the benefits the vacuum exhaust the air which has 
been forced while the wood was under pressure, and which, not 
removed, would have find its way out subsequently either through 
the mixture creating cracks. 

Mr. Putnam, ina letter Octave Chanute, Am. Soc. 
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Chairman the Committee the Preservation Timber, 


most carefully conducted experiments indicate that there 
decay without fermentation, and fermentation without germs. 
piece timber cut green and thoroughly coated with paint, 
heated through 225° Fahr., and sufficient amount oil forced 
form impervious coating, decay will take place until that. 
coating broken.” 

This not only evidences the necessity complete and thorough ster- 
ilization, but brings the next step the process, the impregna- 
tion the timber with the antiseptic material. Having thoroughly 
sterilized the tie, the natural continuance the process is, course, 
the application the vacuum, remove from the pores the timber 
the air vapor which they contain and admit the preservative fluid 
under this vacuum. 


The preservative fluid used not creosote, dead oil tar alone, 
but consists dead oil coal-tar, 2%; and melted 
resin, 60%, weight. gravity the resulting mixture 
300° Fahr. 1.068. The resin used render the mixture abso- 
lutely waterproof, the formaldehyde strengthen the antiseptic 
nature the compound, necessarily somewhat reduced the reduc- 
tion percentage the dead oil itself. Upon this point the follow- 


ing from letter Mr. Edward Andrews Mr. Chanute 
will interest: 


Creosote oil distillate coal tar—a residual product the 
manufacture coal gas. Chemists have procured from coal tara vast 
number sub-products and combinations great usefulness 
dyeing, etc. The three principal coarse products coal tar are the 
light oils, the heavy oils and pitch, all the results distillation. 

light oils (lighter than water) evolve the distillation 
temperature 360 480° Fahr. From these all the aniline colors 
are made. They are expensive and have value whatever wood 
preservation. The heavy oils (heavier than water) are distilled 
temperature from 480 760° Fahr. These are the so-called creosote 
oils, and contain all the constituents the coal tar useful wood 
preservation. After the creosote comes the pitch. Creosote contains 
about tar acids, e., carbolic, cresylic and other acids, but the 
bulk made semi-solid oils and naphthaline. 


Transactions, Am. Soc. E., Vol. xiv, 1885, 337. 
Transactions, Am. Soc. E., Vol. xiv, Appendix No. 14, 341. 
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preservation the metallic salt processes solely 
chemical. Earlier, was claimed that the zine chloride, formed 
insoluble chemical combinations with the albumen contained the 
sap wood. Now, generally allowed that such combinations are 
formed, but that the value metallic salts antiseptics depends 
upon their continual presence the woods, and they are readily 
dissolved out the wood their effect only temporary. The life 
wood prolonged their use, when skillfully applied, yet moist 
places they quickly lose their efficacy. 

The creosoting process both chemical and mechanical. Besides 
the carbolic and other acids, contains many other well-recognized 
antiseptic constituents; but probable that the very long life 
timber secured thorough creosoting due far more the fact 
that the pores the wood are filled with the thick, gummy. 
insoluble oils and naphthaline, and thus keep out air and water, 
which contain the germs decay. That such the case was con- 
clusively shown Roltier, Belgian chemist, and later, 1866, 
Charles Coisne, Chief Section the State Railways 
Belgium, and Superintendent the Creosoting Works. 

the latter, two series experiments were tried, during 
period five six years, burying compost heap made 
decaying wood, manure, etc., shavings impregnated with creosotes 
containing different percentages carbolic acid. The results showed 
that shavings saturated with carbolic acid alone were entirely decayed, 
and those saturated with the distillates the highest temperatures 
which contained carbolic acid were perfectly sound. 

with the metallic salts and the results above 
experiments indicate that preserve timber something more 
required than antiseptic for the purpose coagulating the 
albumen. The very percentage albumen contained the 
sap wood probably ferments readily and may originate decay; but 
the agencies fermentation introduced into exposed timber the 
air and water absorbed the wood are vastly more dangerous than 
the seeds decay contained originally the wood itself. 

the past hundred years almost every imaginable sub- 
stance has been proposed preservative wood, yet may 
that inventors are still work, so, their attention would best 
directed such methods materials would close the pores 
wood air and 


This would indicate that creosote more valuable because its 
function filling the pores the wood and excluding air moisture 
containing germs decay than because its direct antiseptic action. 
considerable extent, this doubtless true, but the writer thinks 
that the ideal preservative should both antiseptic and waterproof, 
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and should possess the latter characteristic the highest obtainable 
degree. secure such material was the chief object the experi- 
which resulted the process herein described, and the com- 
pound finally fixed upon consists approximately 38% weight 
dead oil coal-tar, 60% melted resin and formaldehyde. 
The idea introducing the resin was obtain substance the 
highest degree waterproof, and there are few substances known more 
highly waterproof than pine resin. 

mixture perfectly fluid 300° Fahr., and, some pecu- 
liar action not readily explainable, seems more readily forced into 
the wood than the creosote oil alone. There are number very im- 
portant advantages gained the use the resin connection with the 
dead oil. the ordinary creosoting process more 
less spongy and soft, and while the dead oil not generally regarded 
soluble, still subject dissipation the action water, well 
known the case treated piles subject the washing action salt 
water. Experiments made immersing water timber untreated 
and treated the process just described, showed results follows: 

One piece creo-resin timber, ins. ins. ft., immersed water 
days, absorption lbs. One piece, same stick above, untreated, 
absorption 11} lbs. The increasein weight the first stick was largely 
due water clinging the surface. 

Timber treated with dead conjunction with resin practically 
absolutely waterproof and very much harder than the untreated 
timber, instead being softer and more spongy, the case with 
creosoting proper. The introduction bacteria from without should 
make it, and this process should use material which will not only 
have these waterproof qualities, but will antiseptic nature that 
the possibility the existence development decay germs, such 
germs any means gain entrance into the timber, should reduced 
fact, the conditions should such absolutely 
preclude any possibility their life development. secure these 
results, the combination resin, creosote oil and 
especially well adapted. The material weighs about 8.9 lbs. per gallon. 

Experiments were made upon pine ties cut two, one half vulcan- 
ized, the other half not vuleanized. The results are given Table 
No. and show the difference absorption. 
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TABLE No. 


Green. 
Vulcanized. 
Green. 
Vulcanized. 
Green. 
Vulcanized. 
Green. 
Vulcanized. 
Green. 
Vulcanized. 


Maximum 
Heat. 


285° 
285° 
275° 
275° 
285° 
285° 
270° 
270° 
275° 
275° 


the same stick. 


These specimens were treated with various degrees heat and 
pressure, with and without vacuum, and all cases they showed 
increased absorption the vulcanized over the unvulcanized timber. 

Other experiments were made upon ties, ins. ins. ft., long- 
leaf pine, cut into three pieces, two.of which were treated and 
the third left untreated. The results are shown Table No. the 
treated samples, and and being the two pieces from 


TABLE No. 


Pressure Pounds per 
Lbs. foot. 


3.33 
6.5 
7.14 
10.66 
6.18 
6.75 
9.45 
7.9 


IN POUNDS. 


Bet. and 
Ibs. Ibs. 


ABSORPTION PER CUBIC FOOT, 


ABSORPTION PER CUBIC FOOT, 
IN POUNDS, 


Bet. and 


Ibs. 
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regards the spongy condition the wood, after treatment 
the creosoting process, inspection timber treated the pro- 
posed process readily demonstrates that the timber not any way 
softened. The surface subjected treatment the application 
milk lime after the creosote-resin has been injected. This tends 
solidify the mixture resin and creosote oil. Solidification 
point brittleness not effected, but solidification effected 
such degree that the resulting surface the wood materially 
harder than that untreated timber, instead being softer, the 
case with creosoted timber. The writer has made tentative experi- 
ments prove this hardening effect striking treated and untreated 
sections the withahammer. The greater density and hard- 
ness the surface the creosote-resin tie (about 50% increase den- 
sity near the surface) being readily apparent from the way which 
resists crushing under the hammer, the force the blow causing the 
hammer rebound from its surface instead sinking and crush- 
ing the fiber, was the case with the untreated portion the same tie. 

Obviously, were commercially practicable impregnate 
railroad tie, of, say, long-leaf yellow pine, throughout its mass with 
creosote oil, decay would take place the timber long the 
oil remained it. But such treatment impracticable, both 
because its cost, and the mechanical difficulties attending it. 
therefore are obliged fall back upon the plan outlined Mr. 
Putnam the letter previously quoted, namely, secure complete 
sterilization, and then inject sufficient the preservative effectu- 
ally protect the remainder thestick. This may done the injec- 
tion lbs. per cubic foot standard-sized tie, lbs., 
giving penetration averaging the center thetie about in., 
from the ends the stick each case. 

tie treated the above process with, say, lbs, preservative 
per cubic foot possesses these advantages: thoroughly sterilized— 
not generally secured the creosoting process; the outer 
fibers the wood are filled with material more highly antiseptic 
than dead oil coal-tar, practically water-proof, and, when hard, con- 
siderably better able resist crushing cutting than either the 
untreated the creosoted timber. fact, the 
creosoted timber, especially the timber usually chosen for creosot- 
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ing naturally soft, has been one reason why creosoted timber has 
not been more extensively used under heavy traffic. The experience 
the Lehigh Valley Railroad was along this line. tie treated 
the process question also possesses much higher spike-holding 
qualities—considerably higher than the untreated stick. 

The writer has confined these remarks particularly the subject 
railroad ties; but should not overlooked that large part 
the business done the creosoting works present upon piles and 
dock timbers; and the failure such timbers when attacked the 
teredo invariable due the washing out the creosote oil the 
action the salt water. would therefore readily practicable 
creosote piles, giving them either the same time, subsequently, 
resin treatment absolutely retain the creosote the wood, and 
therefore the chief objection creosoted piling would once 
removed. 

The question wooden paving blocks also one having, the 
writer’s opinion, great possibilities. Wooden paving blocks, creo- 
soted, are extensive use London and continental cities, and 
have given very favorable results this country wherever properly 
used. add the preservative effect obtained the creosote 
oil the additional and most benefit hardening the fibers 
the wood that its resistance wear materially increased, have 
realized most material gain the treatment such blocks. fact, 
treated pine paving block, protected against decay dead oil 
coal-tar, impervious moisture and having considerably greater den- 
sity and resistance abrasion than either the creosoted untreated 
timber, can laid cost not greater than that present charged 
for asphalt, the writer’s opinion that such pavement will possess 
all the advantages which asphalt possesses, and will the same 
time both noiseless and not slippery; thus removing two the gravest 
objections asphalt pavement. The writer thinks that such pave- 
ment would have longer serviceable life than asphalt—at least such 
generally laid—and streets certain class exceedingly 
desirable. 

revert once more the question tie preservation: With 
creosoting, well with the proposed improved process, the amount 
impregnation per cubic foot regulated the specifications under 
which the work done. For railroad ties the general practice about 
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Whether pure creosote creosote and resin are used, this 
specification gives depth penetration the center the tie 
averaging nearly in., and the ends the tie complete penetration 
from the end the tie from Both with creosoting and 
with this process, the depth penetration depends not only upon the 
amount material injected per cubic foot, but also upon the nature 
the timber upon the individual qualities different sticks 
the same kind timber. The writer has suggested possible dis- 
advantage such processes—whether creosoting improved creosot- 
ing—the likelihood the splitting the tie taking place after treat- 
ment, thus allowing the introduction germs into the heart the 
stick. careful examination and sawing some fifteen twenty 
ties, treated for periods extending months, has shown 
instance which new cracks had opened the timber and extended 
beyond the treated portion the tie. Should this the case after 
several years’ service, the writer believes true that the vulcan- 
ized heart the tie treated the improved process would better 
resist the action decay than the untreated and unsterilized heart 
the creosoted timber. 

Further, seems probable that water containing germs would 
some extent get rid such germs passing through that portion 
the timber which antiseptic The results obtained with 
creosoted timber the present time not indicate that such 
cracking splitting, and consequent decay, are among the serious 
defects the creosoting process. seems reasonable conclude 
that tie which has been subjected the continued high sterilizing 
temperature has developed splits those weak portions where splits 
would otherwise have taken place under natural conditions, and these 
splits cracks, developed the earlier steps the process, are filled 
with the antiseptic and waterproof material during the later stages, 
thereby excluding permanently both air and water. 
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tigations, and the results ofthe measurements determine the losses 
from seepage and evaporation canals and the duty water utilized 
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The investigations described deal with problems which sorely 
perplex the irrigators and canal builders the arid West. Their com- 
prehensive study new feature national aid irrigation develop- 
ment this country. Heretofore, the leading object such aid has 
been promote the construction new canals, show how much 
land there was above existing ditches which could reclaimed, and 
the benefits which would come from such reclamation. believed 
that this investigation will tend secure these ends, but its primary 
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purpose promote the welfare the people living below the 
ditches already built, render the farms now irrigated more profit- 
able, lessen the controversies over the distribution water and 
secure its more systematic and economical use. 

the opinion those best informed that better understanding 
the existing situation must had before can wisely plan for 
future development. Controversies over the use streams should 
ended before attempt made greatly augment such use. The 
claims water, for existing and prospective ditches many streams, 
amount the aggregate many times the supply. The character 
and extent the rights now vested must determine what done 
the future. the pioneer stages western irrigation, the import- 
ance these questions was lost sight of. The owners the earlier 
ditches from river did not need consider how much water was used 
how much was wasted, since neither had yet made any serious 
reduction the supply. Every transaction which had with the 
disposal streams was marked lavish prodigality. Ditches 
diverted more water than was used; their owners claimed more than 
they could divert, while decrees gave appropriators titles more 
water than ditches could carry and many times what the highest flood 
could supply. was known the quantity water needed 
irrigate acre land, and the absence such information the 
ignorance and greed the speculative appropriator had its oppor- 
tunity. 

The contracts which control the distribution water from canals 
were framed people whom the whole subject irrigation was 
strange and new. often happens, therefore, that they not 
promote the best interests canal companies meet the necessities 
users. The laws which govern appropriations water from 
streams have most cases relation the actual practice irri- 
gators, and, therefore, fail secure either the systematic distribution 
best use the available supply. 

Before the period crude structures and still cruder ideas had 
ended, began manifest that the reclamation arid lands 
involved more than the overcoming physical obstacles. has been 
found easier dig ditches than distribute the water they carry, and 
plan headgates and flumes than frame just laws for establishing 
titles water dividing rivers among rival claimants. 
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The many thousands miles canals and laterals the irrigated 
regions the United States have reclaimed area approximately 
great the State New York, every acre and almost every square foot 
which has artificially moistened from one ten times each 
year. During the growing season this requires the services 
army men protect and regulate headgates, patrol the banks 
canals and adjust the measuring boxes users. The success 
failure these canals matter more than local interest. Much 
the money expended their construction came from the. East. 
The small savings thousands thrifty New England people have 
been invested stocks and bonds irrigation companies, single 
agency Colorado having invested $15 000 000 this class securi- 
ties for these customers. The failure canal company find cus- 
tomers for the water carried, obtain water for the customers 
has, affects many others besides the water user. His the immediate 
loss, but sooner later the holder the stocks bonds the canal 
company finds that he, too, suffering through delayed defaulted 
interest payments. The justice and efficiency with which the stream 
divided, and the economy with which the water used, may 


augment reduce the incomes many thousands eastern well 
western homes. 


Traffic water carried under many peculiar and perplexing 
conditions. matter from what source the supply received, 
whether stored reservoirs, pumped from wells taken from 
rivers, the distribution water irrigation subject unending 
uncertainties. Streams rise and fall with every passing cloud. The 
torrent to-day may dry channel month hence. Wells which 
cannot exhausted April are often empty June. Even after 
water has passed the headgate and safe from outside interference, the 
waste and loss continue. disappears through the bottom the 
canal seepage, and into the air evaporation. The same vicissi- 
tude attends its use. much water may escape from the lower side 
the field careless irrigator sinks into the soil. The waste 
from badly built laterals poorly prepared fields does much limit 


the acres which canal can serve, and hence the income can made 
yield. 
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This commerce water has been created men born and reared 
regions ample rainfall, and without prior training experience 
dealing with the problems irrigation. They had learn trial 
how frame satisfactory contracts for the disposal water from 
canals, and how use that water properly when delivered. From the 
construction the first small furrows Utah and California the 
present, the growth acres irrigated has been accompanied 
equally important evolution methods. The fixing unit 
measure used delivering water users will serve illustrate 
this. could not sold the pound the ton, nor were there 
any devices hand for its measurement delivery the gallon. 
Farmers were loss know how much buy, and canal companies 
ignorant how much they could sell how measure when 
sold, 


Units USED MEASURING WATER. 


The number the arid states placer mining was 
important industry before irrigation began. Miners, measuring 
water, used the This the volume which will flow through 
inch-square orifice under uniform and designated pressure. Later, 
the pressure used, and the manner which the size the orifice 
was increased diminished, was, number states, fixed 
law. 

Water sold the inch any individual corporation shall 
measured follows, wit: Every inch shall considered equal 
inch-square orifice under 5-in. pressure, and 5-in. pressure shall 
from the top the orifice the box put into the banks the ditch 
the surface the water; said boxes any slot aperture through 
which such water shall measured shall all cases ins., perpen- 
dicular, inside measurement, except boxes delivering ins., 
which may square, with without slides; all slides for the same 
shall move horizontally, and not otherwise; and said box put into the 


banks ditch shall have descending grade from the water ditch 


not less than one-eighth inch the 

those sections where irrigation succeeded this form mining, 
irrigators generally adopted this unit. many respects entirely 
satisfactory. Where the flow controlled device reasonable 
accuracy convenient method delivery for canal companies, 
and satisfactory users, because they can tell glance whether 


General Statutes Colorado, Sec. 3472. 
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not the quantity contracted for being delivered. not suited, 
however, the measurement rivers the regulation their 
division among large canals, the prescribed conditions cannot 
produced large stream water. There are canals which carry 
125 000 ins. measure this volume, under the conditions prescribed 
the Colorado statute, would practically impossible. The use 
the term has been unfortunate. Many farmers have confused 
this unit with the square inch the cubic inch, and frequently hap- 
pens that the inches water bought sold are determined measur- 
ing the cross-section ditch lateral, paying attention whatever 
either grade velocity. one case state law confuses cubic 
inches with the continuous flow from inch-square orifice. 

The Cubic Foot per Second.—When became necessary gauge 
streams and measure the volume large canals, was manifest 
that some other unit measurement that the miner’s had 
used. The cubic foot per second the unit which has passed 
into general use. This unit has the double advantage showing pre- 
cisely what meant, and being well adapted the measurement 
large well small volumes flowing water. the most satis- 
factory unit which can used dividing rivers measuring the 
flow large canals where the flow continuous. There is, however, 
objection its universal use water-right contracts, decrees 
establishing rights water. Where decrees contracts provide for 
the measurement the quantity received continuous flow, pre- 
supposes that irrigators use water this manner. This not 
accord with the best practice. Irrigators not water all the 
time. Few use time. they are required pay for 
continuous flow, they usually pay for something they not get, and 
always for what they not need. are allowed, equiv- 
alent continuous take larger volume for shorter time, 
different unit measurement desirable; not astream 
particular size, but.the total volume received, which paid for. 

The Acre-Foot.—The growing recognition the fact that con- 
tinuous flow water does not correspond the needs irrigators 
has recently brought into use another unit volume, the acre-foot. 
contains 560 cu. ft., enough cover acre ft. deep. 
convenient unit for selling stored water, because can used 
measure the capacity reservoirs. 
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Contracts which the acre-foot used provide for the delivery 
water the demand the irrigator, intervals rather than 
continuous flow; and canal companies have hesitated about adopting 
this unit, because fear that satisfactory arrangements for delivery 
could not made, and that more water would called for some 
times than the canal could supply, while other times the entire 
volume would run waste. 

Wherever the acre-foot has been adopted has proven acceptable 
irrigators, because share the benefit resulting from care 
and skill distribution. 


Contracts for supplying water take many forms. some cases 
they are deeds the water delivered; others they purport 
specified size; others they agree provide water for the irrigation 
specified number acres for one year; while few provide for 
payment for the quantity actually used, maximum quantity 
which may demanded one season. first these contracts were 
largely governed the ideas the managers the canals, but 


experience has now been had make certain forms con- 


tracts preferred behalf public well private interests. 
Contracts which provide for the delivery uniform, constant 
flow are, rule, wasteful water, and are notin the interests 
either ditch companies public. Contracts which charge for the 
acres irrigated, without regard the volume used these acres, are 
temptation extravagance the part the irrigator. The canal 
company which adopts such contracts resembles the grocer who would 
agree supply his customers with year’s provisions much per 
head, with restrictions quantity kind goods which 
might called for. the other hand, contracts providing pay- 
ment proportioned the quantity delivered, and for delivery 
amounts which can most efficiently distributed, cannot fail lead 
economy the use water, and consequently high duty. 
Under such system the irrigator benefited his saving, and pays, 
for his waste. Such contracts can only used connection with 
system rotation delivery irrigators. This rotation benefits 
the canal company well the irrigator, because lessens the loss 
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from evaporation and seepage. canal could divided 
into three sections miles each, and all the loss from seepage and 
evaporation the lower miles saved while the irrigators the 
upper section were being supplied. the same way, keeping the 
full supply the canal, water could rushed through users under 
the lower section with less loss than where the flow depleted 
laterals along the route. The greatest saving rotation, however, 
would made the laterals. Where water permitted slowly 
dribble through continuously, the waste enormous. devising 
system for grouping the laterals and inducing the irrigators there- 
from take water turns, the engineer can much toward 
raising the duty obtained the actual cultivator. The use unit 
which favors rotation between users leads also rotation the 
division the river between the canals. The loss from seepage and 
evaporation approximately the same whether the canals are full 
only half full. When rivers are low, running half the canals 
time with full supply, nearly half the water ordinarily lost tran- 
sit saved. the loss from seepage and evaporation averages 
about 30% the water flowing canals, the water saved such 
rotation material addition the available supply. 


REASONS FOR INVESTIGATION THE Duty WATER. 


the water required irrigate acre land should the 
basis for fixing the dimensions works required irrigate any 
number acres, there need know approximately its amount. 
order plan for the just distribution the volume entering the 
headgate, the losses transit must provided for. Until more 
known than now known about the time year when the irrigation 
season begins and ends, the part the discharge which must run 
waste unless stored cannot estimated. Until known how large 
area acre-foot stored water will irrigate, and the returns 
which will come from such irrigation, the value reservoirs will 
have more substantial basis than individual judgment con- 
jecture, and intelligent estimate can made the amount 
money which can profitably spent their construction. Sooner 
later, knowledge the duty water becomes necessity any 
irrigated district. now urgently needed settle disputes over 
water-right contracts, and provide for their intelligent reconstruc- 
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tion. Thus far, has been the uniform practice make all rights 
water perpetual and continuous. Thisis not the practice European 
countries. Italy, France and Spain, each distinguishes clearly between 
rights the summer and the winter flow, the vernal and autumnal 
equinoxes being the dates when one begins and the other ends. The 
controversies which have recently arisen over rights tothe winter flow 
streams will doubtless soon lead similar distinction western 
irrigation laws. comparison the duties secured under many 
the canals where measurements were made last year leads the belief 
that will possible through improved methods double the 
average duty now obtained, that the quantity now required for 
one acre will serve irrigate two. can accomplished will 
relieve the scarcity under many canals, put end many contro- 
versies growing out the existing scarcity, lessen the expense per 
acre for water, and increase immensely the productive and taxable 
resources the arid States. 

Believing that more general understanding the causes which 
increase diminish the duty water one the most urgent needs 
irrigated agriculture, the determination this duty was made 
leading subject the investigation. 


USED THE INVESTIGATION. 


carrying out this investigation laboratory methods will not 
answer; must deal with the use water ona large scale. The 
work requires the supervision men special training and wide 
practical experience. One the chief difficulties encountered the 
outset was find the right men take charge. Those engaged are, 
without exception, holding positions responsibility and receiving 
ample compensation from other sources. The chief inducement for 
their taking part this investigation has been the promotion the 
public welfare. Through their interest and zeal amount 
information was obtained which could not otherwise have been secured 
for ten times the actual outlay. was left for the observers each 
State secure the co-operation intelligent, practical farmers, and 
arrange with them measure the water used their fields. 
nearly every case this was easily accomplished. Every farmer con- 
nected with the investigation received the same instruction. was, 
use water whenever and wherever was thought necessary, pro- 
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vided could had, and pay attention the fact that was 
being measured. The results show that this was done. The descrip- 
tion canal systems and the methods which govern their operation, 
given the reports the special agents, show how direct the rela- 
tion between good management and high duty water. They also 
show how prolific waste and loss badly drawn water-right 
contract. were also kept rainfall and evaporation, and 
effort was made each case secure much information 
possible the following factors the duty water irrigation: 


The quantity water required different crops. 

The length the irrigation period different sections the 
arid region. 

The agreement divergence between the quantity water 
used irrigation the different months the growing season, 
and the rise and fall streams during those months. 

The benefits reservoirs, and the percentage the total dis- 
charge streams which must stored order utilize all. 

Losses canals from seepage and evaporation. 

Influence different forms water-right contracts pro- 
moting economy waste. 


The returns from the use irrigation acre-foot 
water. 


USED AMOUNTS WATER USED. 


the study the duty water, and record the quantity used, 
provision had made for instrument which would automatic 
and continuous its operation. This was necessary because the 
quantity received each irrigator from his lateral subject 
frequent change. Finding impossible use meter measure the 
volume delivered, was decided place weir flume each canal 
lateral, and then, means suitable instrument, keep con- 
tinuous record the depth water delivered. Wherever possible, 
weirs were used, but more than half the cases where they were used 
the results proved that flumes would have been more satisfactory. 

study the registers use showed that none was wholly satis- 
factory. The first requisite was record scale, that 
inch rise fall the ditch would shown the record sheets, 
thus enabling any farmer ditch rider determine glance 
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whether not the instrument was working accurately, and, not, 
correct without the computation required where the scale reduced. 
Not being able obtain registers this pattern, one was designed. 
Its form shown Fig. 

this instrument the rise and fall the waterin ditch lateral 
raises and lowers float and counter-weight. This float and counter- 
weight are connected cord which passes over the end cylinder 
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which revolved the movement the cord the float rises and 
falls with the changes depth the stream. This cylinder carries 
paper divided into rectangular spaces, the time divisions being parallel 
its axis and the depth divisions right angles thereto. The pen 
pencil making the record moved along this cylinder clockwork, 
and passes from one end the other week, when the paper 
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changed and the pen returned the starting point. The only result 


revolutions the cylinder. 

Owing delay the construction these instruments, all obser- 
vers could not supplied with them, and number registers 
other patterns were used. The Richard Fréres register, Fig. was 
utilized the measurements Arizona, the instruments being loaned 
the University Arizona. The Wyoming Nilometer, Fig. was 
used the Wyoming and Nebraska Stations. The Irving register, 
Fig. was used the Gage Canal California. Plate XXIV show 
the method placing registers used weir measurements. 


Merits AND FLUMES THE MEASUREMENT 
WATER. 


Reference has already been made the fact that some the weirs 
did not prove satisfactory. This was due the deposit silt above 
them. Sediment investigations made during the season showed that 
certain southern streams carry, during floods, high solid 
matter suspension, and that canals and laterals taking water from 
these streams have cleaned from two three times each year. 
Even where the was much less than this, the deposit 
sediment was rapid some cases fill the lateral ditch above 
the weir level with its crest hours. Where this happened, 
the velocity approach became disturbing factor, the 
which could not determined owing the constant change con- 
ditions. Some canal companies which use weirs, operate, connec- 
tion therewith, sluicing device which removes the accumulated 
sediment once each day. The objection this that the conditions 
are never stable, and impossible tell for what length time 
the weir tables used agree with the actual discharge. The recent in- 
vestigations the flow water over dams and over weirs, other than 
those with sharp edges, may aid securing the adoption form 
weir better suited the sediment-laden waters the Southwest than 
that used, but, far knife-edged weirs are concerned, there are 
few ditches the Southwest where not possible secure rating 
tables for flumes which will give much more reliable and accurate re- 
sults. was also found that, the case number canals, the 
grades were too small and the banks too low secure the requisite fall 
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below the weir, and such cases flumes would not only preferable 
but inevitable substitute. 

The most serious objection the use flumes the labor pre- 
paring accurate rating table, and the fact that current meter 


required for doing this. The recent improvements these instru- 


ments, which both their convenience and accuracy have been 


creased, has made simple matter prepare discharge table for 
flumes which the reasonably uniform. With ordinary care 
this discharge can determined within the limits accuracy per- 
mitted the meter used, and the best instruments this error 
low per cent. This margin error below what permissible 
the delivery water attainable this investigation. The rela- 
tion the volume discharged the depth water the measuring 


DISCHARGE CURVE FOR THE MESA CANAL, MESA, ARIZONA. 


+--+ 


) 140 150 
Cubic Feet per Second, Equation of Curve, 2 =21.256 y*+-0,8502 y +0.0004 


the Mesa Canal, Arizona, shown Fig. The dots show 
the gaugings. The curve platted from the equation 21.256 
0.8502 0.0004, which derived from the actual gaugings the 
method least squares. 


Unit MEASUREMENT USED. 


the tables which follow, the acre-foot the unit volume used. 
This usually expressed giving its equivalent the depth 
which the water used would have covered the surface irrigated. This 
unit was chosen because definite, and because affords con- 


venient base for the comparison quantities used localities where 
the period use was not the same. 
usual discussions the duty water take the cubic foot 
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per second the unit quantity, and the period during which acrop 
requires water bring maturity the time during which the 
flow that volume continues. Thus, when said that the duty 
water acres the cubic foot per second, the statement im- 
plies that the quantity water used during the season had been 
measured and the average volume used during this season amounted 
cu. ft. per second for each acres irrigated. order 
make this expression definite, necessary that the duration the 
irrigation period known; but this varies widely different local- 
ities, and actual practice the same locality, that 
cult compare the results obtained. number discussions 
this subject the assumed season for the Rocky Mountain regions has 
been taken varying from 100 150 days. The records kept 
year show, however, that water was used from the Gage Canal 
Riverside, Cal., throughout the entire year, while the canal Wheat- 
land, Wyo., was operated only days, and water was used irriga- 
tion shorter time. Since the practice varies widely, any attempt. 
fixing average period would wholly arbitrary. Even under 
the same canal the length the season has assumed, because 
two irrigators use water for the same length time. The length 
the irrigating period the several stations shown graphically 
Fig. Nor does the assumption continuous flow accord with 
practice, because many canals system rotation the delivery 
water already operation, and even where the contracts provide 
for constant delivery seldom happens that irrigators use water 
this way. When, therefore, practice, miner’s statutory inches 
are used acre for day, and none all for the next twenty days, 
error discuss the duty though single inch had been used 
allthe time. nearly all the northern States fully three times 
much water used July August. Hence, discussion which 
deals with the delivery water though the use was uniform during 
this period likely lead serious mistakes practice. 

the use the acre-foot the unit quantity all the arbitrary 
assumptions involved the use either the the cubic foot 
per second are avoided, and its use equally correct and convenient 
whether the supply comes from streams, wells reservoirs, whether 
continuous intermittent, and whether ends two months 
extends throughout the entire twelve. The flow cu..ft. per second 
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DIAGRAM SHOWING DURATION IRRIGATION PERIOD 
MAIN CANALS INCLUDED INVESTIGATIONS. 


STATE. NAME CANAL. DURATION IRRIGATION PERIOD, DAYS. 
60 9 


30 0 120 150 180 210 240 270 300 330 360 
CAL. 


GAGE CANAL. 


ARIZ. MESA CANAL. 


N. MEX. 


PECOS CANAL. 


UTAH 


BROWN & SANFORD DITCH. 


UTAH 


BUTLER DITCH. 


UTAH 


UPPER CANAL. 


UTAH 


BIG DITCH. 


UTAH GREEN DITCH. 


UTAH LOWER CANAL. 


IDAHO BOISE & NAMPA CANAL. 


COLO. AMITY CANAL. 


UTAH 


LOGAN & RICHMOND CANAL. 


NEB. GOTHENBURG CANAL. 


MONT. MIDDLE CREEK DITCH. 


wyo. CANAL NO. 2, WHEATLAND. 


DIAGRAM SHOWING DURATION IRRIGATION FARMS 
WHERE WATER WAS MEASURED 


STATE. NAME FARM. DURATION IRRIGATION PERIOD, DAYS. 
0 60 90 


“ 120 150 180 210 240 270 300 330 360 


3 


FARM EDGAR WILSON. 
BILES 

FARM OLEF CRONQUIST. 
OATS, WHEATLAND. 

CORN, WHEATLAND. 


EXPERIMENT STATION. 
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for hours amounts 1.98 acre-feet, that the conversion 
volumes from one unit the other can readily made. 


SuMMARY MEASUREMENTS Duty WATER. 


The measurements made observers show that the duties obtained 
vary from less than acre-foot water per acre irrigated over 
acre-feet acre; but these wide and seemingly eccentric variations 
the quantities used were the results manifest causes. Where 
water was distributed through well-built ditches and used careful 
irrigators, there was surprisingly close agreement results even 
widely separated localities. Table No.1 will serve this. 


TABLE No. WHERE MEASUREMENTS WERE 
SMALL CANALS SHORT LATERALS. 


Depth water 
Location. used, feet. 


Cronquist Farm, Utah 
Long Farm, Idaho 

Gage Canal, Cal 

Canal No. Wyo 

Vance Farm, Ariz 

Biles Lateral, Colo 
Middle Creek Ditch, Mont 
Gothenburg Canal, Neb 


Mean all the above 


interesting comparison with the resultsin Table No. afforded 
the mean the duties all the distributaries the Ganges Canal 
for 1889-90, during the Khareef season, reported Buckley’s 
Works India.” the mean volume water used 
the irrigation acre land was cu. ft., equal 
depth 2.8 ft. for the area irrigated. 

Where the water was measured the margin the fields, there 
was still higher duty than where measured the heads the 
laterals. Table No. shows the duty obtained where all losses dis- 
tribution were eliminated, and nothing but the water actually spread 
over the fields was measured. 
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DIAGRAM SHOWING THE TIME IRRIGATION AND THE DEPTH WATER 


LOGAN, UTAH, 
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DIAGRAM SHOWING THE TIME IRRIGATION AND DEPTH WATER 
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TABLE No. USED, WHERE MEASUREMENTS 


Depth water 


Location. used, feet. 
Lateral, Wyo. (Oats) 1.55 
Lowest Division, Gage Canal, Cal................. 1.78 
Mean measurements Bozeman (Mont.), Exper- 
Mean all the 1.34 


The dates when water was applied, the length the 
periods, the total acre-feet per day use, the total depth irrigation 
applied each month and the depth rainfall for each month, are all 
shown graphically Figs. and for three the stations named 
Tables Nos. and 


The duties given the foregoing tables were obtained laterals, 
canals where the losses transit were not large, and fields 
where the water was measured the margin. They therefore repre- 
sent, approximately, the volume utilized. practice, however, the 
losses canals from percolation, leakage flumes, evaporation, etc., 
are important factor fixing the average duty water 
river extensive canal system. determine this average duty, 
the volume should measured the headgate, and the number 
acres irrigates the duty which canal managers have consider 
determining the area their works will irrigate. This duty much 
lower than that obtained measurements made laterals the 
margins the fields where used, the influence the losses between 
the headgate and the heads laterals being greater than has usually 
been supposed. Where canals cross beds gypsum deposits 
the results closely resemble trying carry water asieve. 
No. gives the depth water used irrigation, where the measure- 
ments were made the canal headgates, and includes the loss from 
seepage and evaporation. 
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DIAGRAM SHOWING THE TIME IRRIGATION AND DEPTH WATER USED FROM THE 
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QUANTITY OF WATER APPLIED DAILY, IN ACRE-FEET. 


GAGE CANAL DISTRICT NUMBER ONE, RIVERSIDE, CALIFORNIA, 


DIAGRAM SHOWING THE TIME IRRIGATION AND THE DEPTH WATER 
THE DITCH, SALT LAKE UTAH, 
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QUANTITY OF WATBR APPLIED DAILY, IN AORE-PERT. 
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PTH OF WATER APPLIED EACH MONTH, 


DIAGRAM SHOWING TOTAL DEPTH OF WATER APPLIED EACH MONTH. 


DIAGRAM SHOWING THE TOTAL DE 
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Rust Lateral, Idaho...... 5.06 

Mean all the 5.10 


-For the Big Ditch, Salt Lake City, Utah, Fig. shows when the 
water was applied and the total acre-feet applied per day, also the 
depth irrigation water applied each month, and the rainfall for the 
same period. 

comparison the duties Table No. with those obtained 
when the water was measured where used, will show that more than 
twice much water was required where was measured the head- 
gate where measured the place use. other words, the losses 
the carals from seepage and evaporation amount more than half. 
the entire supply. This accord with many the measurements 
made irrigation canals India. Among those recorded 
Buckley’s Works India” one which shows that the 
irrigation wheat under the Bombay required 5.6 acre- 
feet water for each where the water was measured 
the head the canal, but where the water was measured the place 
use required, two experiments, only 2.1 and 1.4 acre-feet, respect- 
ively, irrigate acre, the loss the canal being more than 
per cent. the Hathmati Canal, the same country, the loss 
from seepage and evaporation was per cent. The losses transit 
our canals are much heavier than the rule the older canals 
India, and are doubtless more general than they will this 
country when the banks canals are older and when they are oper- 
ated with greater regard for economy. 

The reports the special agents and observers charge these 


j 


MEAD IRRIGATION. 585 


measurements show that the losses from seepage and evaporation where 
measured 1899 were follows: 


Mesa Canal, Ariz., estimated 
Middle Creek Ditch, Mont., loss miles...... 22.0% 

With probable loss for entire ditch of....... 
Jordan and Salt Lake Canal, Utah, loss......... 


The Gage Canal, being cemented, the losses from seepage are prac- 
tically nothing. compared losses varying from 
other canals, the loss only half this canal has great sig- 
nificance. The water turned into the head would have served cover 
the land irrigated depth 2.24 ft., while the mean depth for the 
water delivered irrigators’ laterals was 2.11 ft., loss only 0.13 
acre-foot per acre irrigated. Canals can only cemented earth, 
done California, localities where frosts winter are not severe. 


Losses TRANSIT THE AMOUNTS APPROPRIATIONS. 


This loss from canals has given rise number perplexing 
questions regarding appropriations. states Nebraska, Wyoming 
and Idaho have fixed maximum limit the amount water per 
acre which appropriator can acquire. two these states 
one permitted appropriate more than cu. ft. per second for each 
acres irrigated. This limitation has given rise the question 
whether the water appropriated measured the margin 
the irrigated field the head the canal. Appropriators have 
claimed that measured the headgate the losses the canal will 
great that the amount delivered will inadequate for their needs; 
while water commissioners have insisted that will practically im- 
possible measure each appropriation the head the user’s lateral. 
Several contests over this matter have already arisen, and sooner 
later authoritative decision will reached. oneinstance 
all the water entering the canal delivered point miles below. 
Measurements were made determine the loss this distance, and 
was found vary from per cent. was urged that this loss 
was great that the amount turned into the canal should increased 
enough compensate therefor, but the State authorities refused 
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recognize this claim, the ground that such concession would put 
end the improvement ditches, since the greater the loss, the 
larger the appropriation which would secured, and that its prac- 
tical effect would place premium poor construction and 
wasteful operating canals. 


SEEPAGE REAPPEARING SPRINGS AND 


Much the water which escapes from canals finds its way the 

surface below the form springs what were originally dry 
ravines. have filed these springs, and secured thereby 
ample water supply without having pay the canal company which 
furnishes anything for operating expenses for the purchase 
water right. Onthe South Platte River alone there are over 400 these 
filings seepage waters. The report the State Engineer Colorado 
for 1898 shows that 000 acres the Poudre Valley were irrigated 
with seepage water that year. number instances canal com- 
panies have sought establish title the water these springs 
and collect for its transportation from their users; but the decisions 
the courts these cases have been conflicting, and settled policy 
has yet been established. 

some cases, where slopes are crossed several canals, the lowest 
one frequently benefited rather than injured filtration, 
intercepts the water lost above. one instance, where known 
that large volume seepage water escaping from high-line canals, 
ditch has been cut parallel with the river bank, but some distance 
away from it, intercept this percolating supply. This has led 
litigation determine whether not this interference with the 
rights prior appropriators below the main stream. 

The percolating waters from canals and irrigated fields materially 
increase the water supply western rivers. Measurements this 
return seepage water have shown that this reaches many instances 
the original volume. some cases exceeds the original 
supply. 


INFLUENCE FLUCTUATIONS SUPPLY THE Duty OBTAINED. 


low duty does not necessity indicate wasteful unskilful 
use water. illustration this found streams which furnish 
more water than can used during the flood season, but where the 
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period plenty followed equally assured period drought. 
Irrigators have learned provide against the latter pouring 
their land all the water will hold while can had. thus 
saturating the subsoil they store reserve supply which plants 
draw upon when the ditches fail. The report one special agent 
deals with this practice, and study the flow water the 
Mesa Canal shows how marked the scarcity during the hottest 
part the year, and that the time when the most water would 
used could had, less was actually used than any other time 
the season. That better waste water the land when there 
surplus, than let escape down the river and have crops burn 
later the season, beyond question, but the results such irriga- 
tion are not nearly satisfactory they would this flood supply 
could stored reservoirs and available for use when needed. 
Mr. Code’s report shows clearly the necessity reservoirs localities 
like the Salt River Valley. They are needed store the floods which 
now run waste. They are needed enable farmers use water when 
crops demand moisture, and relieve them from the alternating floods 
and drouths which dependence the stream alone renders inevitable. 


DIFFERENCE BETWEEN THE ASSUMED Duty CONTRACTS AND 
THE Dury THE YEAR’S MEASUREMENTS. 


comparison the results the year’s measurements with the 
duty water assumed many important water-right contracts 
interesting showing their departure from actual prac- 
tice. The quantity water agreed furnished number 
canal companies follows: 


Arizona. 


Arizona Water Company sells perpetual water rights, for 0.83} cu. ft. 
per second used not exceed This gives duty 
little less than 100 acres per cubic foot per second, depth 
7.5 ft. the land irrigated. 


Consolidated Canal Company sells perpetual water rights for not 
exceed miner’s inch per acre. This gives duty 120 acres per 
cubic foot per second, depth ft. 

Rio Verde Canal Company sells water quantity, agreeing furnish 
sufficient water cover land depth ft. called for, 
and more the option the company. 
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California. 


Gage Canal allows in. acres, cu. ft. per second 250 acres. 
This water not delivered continuous flow, but large streams 


for short periods, the convenience the consumer. This flow 
gives depth 2.89 ft. 


Colorado. 


Larimer County Ditch sells water rights for the capacity the 

ditch, without specifying how much land irrigated. 

New Loveland and Greeley Irrigation and Land Company sells one 
water right for each acres, allowing flow 1.44 cu. ft. per 
second. The Colorado law compels companies furnish water 
from April November For that length season 1.44 
cu. ft. per second would cover acres depth 5.3 ft. 

Platte Valley Irrigation Company sells water right for each acres, 
allowing flow 1.44 cu. ft. per second, depth 5.3 ft. 

Fort Morgan Land and Canal Company sells water right for each 
acres, allowing flow not exceed 1.44 cu. ft. per second for 
the irrigating season, depth 5.3 ft. 

Arkansas River Land, Reservoir and Canal Company sells water 
right for each acres, allowing flow not exceed 1.44 cu. 
ft. per second, depth 5.3 ft. 

Dolores No. Land and Canal Company sells water the cubic foot 
per second, without limiting the consumer the area which 
may irrigate. 

Idaho. 


Phyllis Canal contracts provide that the amount water delivered 
shall not any time exceed amount equivalent cu. ft. per 
second for acres, and that the total maximum quantity allowed 
shall not exceed ft. depth the land irrigated; since 1899, 
will sell water the cubic foot per second, with limitations 

Boise and Nampa Canal, until 1899, delivered water the rate 
miner’s inch the acre, but not exceed ft. depth the 
land irrigated. Since 1899, sells water the cubic foot per 
second, with limitations the area irrigated. 


Montana. 


Minnesota and Montana Land and Improvement Company sells water 
the miner’s inch without regard the area irrigated. 
For the season 1899 the farmers under this company’s canal 
ordered, average, miner’s inch for 3.77 acres, showing 
duty about 150 acres per cubic foot per second. 
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Nebraska. 


North Platte Irrigation and Land Company sells water rights for 1.44 
cu. ft. per second, and prescribes land which shall used. 

Interstate Canal and Water Supply Company (Wyoming and Nebraska) 
agrees furnish in. per acre, cu. ft. per second for acres. 
The legal season Nebraska 200 days—from April 15th 
November Ist. One cu. ft. per second will cover acres 
depth 7.9 ft. that time. 


New Mexico. 


Pecos Irrigation and Improvement Company water-right contracts pro- 
vide for the delivery 560 cu. ft. water per acre, sufficient 
cover the land depth ft., delivered such times and 
such quantities may necessary for the proper irrigation 
crops. 


Texas. 


Purdy’s water-right contracts call for the delivery 560 cu. 
ft. per acre, delivered not more than five irrigations per 
annum. 

Washington. 


Yakima Investment Company contracts deliver not exceed cu. 
ft. per second per 160 acres, from April October This 
gives depth 2.65 ft. 


Wyoming. 
Wyoming Development Company sells water rights, giving the right 
part the total flow canal. 


Fetterman Canal Company sells water right for each acres, allow- 
ing flow cu. ft. per second. Wyoming canals not 
ordinarily run more than days. that time this flow would 
give depth 1.46 ft. 


Canal shares represent water for acres, and the quantity 
delivered not exceed cu. ft. persecond. This gives depth 
1.46 ft. days. 


NEED CONTINUING THE INVESTIGATION. 


The investigations the past year did not deal with all the factors 
which influence the duty water, because time did not permit 
their study. For these reasons, the necessity for storage reservoirs 
has been left for subsequent study and discussion. The subject 
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commanding importance, because cannot considered apart 
from the fundamental question who own control the stored 
water, and likewise the stream from which taken along which 
impounded. Sooner than generally realized, the public 
private ownership western rivers destined one the great 
social and industrial questions this country. Their waters are 
worth more than the land, public private, through which 
they flow, and the manner their disposal will more 
shape western civilization and promote retard western develop- 
ment than all other causes combined. The study the duty 
water study the farmer’s needs, and hoped that 
the presentation these needs will tend promote the creation 
irrigation system which will make the supplying his necessities 
first importance, and matter just pride the nation. 
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GENERAL Duty.| SPECIAL MEASUREMENTS 


Carlsbad, Mex.— Feet. Feet. Feet. Feet. Feet. Feet. 
Mesa, Ariz. (Mesa ried from 
Riverside, Cal.— District No.1......| 2.82 2.79 
Salt Lake City, Utah— District 1.78 2.25 
Butler 0.49 6.24 6.78 
Logan, Utah— 
Richmond 0.27 8.27 8.59 Cronquist 2.60 2.87 
amar, Colo.— 
Amity 0.91 4.92 Biles 1.82 2.50 
Gothenburg, Neb.— 
Wyo.— 
Boise and Nampa 0.22 5.06 5.28 
Bozeman, Mont.— 1.48 1.70 
Middle Creek 16th-Sept. 0.42 +1.74 2.10 Exp. farm. 
1.46 |Rainfall 0.44 ft. 


fall Holly, Colo., Rainfall, Aprilto September. Water used after harvest. 
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presented the improvement the canal through the beds was 
that deepening existing channel and not building new one. 
Owing the high and wide spoil banks formed the material 
excavated the first construction the canal, the general plan pro- 
posed Mr. Rafter, wide channel with flat slopes, adopted the 
1896 improvement, would have proven more expensive than the timber 
and pile construction. 

slides have occurred any portion the work described, where 
struts were placed across the prism. Several careful examinations 
the timber construction, made the writer during the past winter and 
spring, show that movement the struts slope wall has taken 
place. 

When the water was let into the canal May, 1898, portion 
the tow-path bank, where only short piles had been used under the 
slope wall, slid into the prism. This slide occurred front the 
Empire Portland Cement Works, and was probably caused the 


vibration heavy engines and grinding mills the works adjacent 


the tow path. Bids were asked for November, 1899, for the repair- 
ing this slide, upon plans identical with the pile and timber con- 


Continued from April, 1900, Proceedings. See December, 1899, Proceedings, for 
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struction used 1897-1898, but more stringent specifications Mr. Landreth. 


regarding the re-excavation material. 

several competent contracting firms had examined the locality, 
plans and specifications, only one contractor submitted bid. The 
contract was awarded him, and the work has been completed 
satisfactory manner for 12% less than the engineer’s preliminary 
estimate. 

The price bid for bailing and draining the last contract amounted 
$12.50 per lineal foot prism, and, taking the length prism 
the marl beds the former contract ft., the bailing and 
draining that contract would have cost $250 000, the same rate 
per foot. 

The 1899 work, done contract, the same the 1897 work 
and under the direction the same engineer, cost about 20% more per 
lineal foot than the 1897 work done under force 

The case the Canandaigua Outlet, cited Mr. Rafter, not 
parallel case with the marl bed work the Jordan Level; the former 
being dredged channel from which the water never removed. 

The drainage ditches, noted Mr. North’s discussion are per- 
manent value the State lessening the saturation the canal 
banks and preventing the surface water from entering the prism. 

the quantities Contract No. based the 
system unit prices mentioned Mr. North, shows that there would 
have been difference about favor the contractor, provided 
the prices estimated and bid had been the same the old method. 

The discussions quicksand treat the subject from scientific and 
practical points and have added materially the literature thereon, 


thus attaining one the objects view the preparation the 
paper. 
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Soc. 


Webster (by letter).—It will noticed examination Fig. 
Wagner. which the main drainage plan the sewers, that the grades 


the main lines are very light for the conditions which had met. 
place compensating for the velocity the curves increasing 
the grades, was deemed expedient keep the same rate grade 
throughout and add the velocity reducing the friction. This 
was done plastering the inverts curves with Portland cement 
mortar This plastering was usually done after the invert 
was laid and before the centers for the arch were placed. the case 
Contract No. the Callowhill Street System the work plaster- 
ing was delayed until the sewage was passing through the system, 
with the result already referred the paper. 

This discussion (of the paper George Webster and Samuel Tobias Wagner, 
Members, Am. Soc. printed the Proceedings for February, 1900), printed 
Proceedings order that the views may brought before all members 


the Society for further discussion. rules for publication, Proceedings, Vol. 


Communications this subject received prior June 22d, 1900, will printed 


later number Proceedings, and subsequently the whole discussion will published 
Transactions. 
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All the brickwork the sewers, except that the wellholes, was Messrs. 
laid natural cement mortar. the wellholes, Portland cement 
was specified. all cases the mortar was mixed the proportion 
section, when made from natural cement mortar from the mixing box, 
were required develop ultimate tensile strength after 
having been day the air and days water. the case Port- 
land cement, under the same conditions, strength 150 lbs. was 
required. 

The other requirements the natural cement, which, course, 
represented the greater part the work, were follows: shall 
weigh not less than 112 lbs. per imperial bushel. The residue upon 
No. sieve shall not exceed weight, upon No. 100 sieve 25%, 
and upon No. 200 sieve per cent. Pats cement in. thick, 
temperature between and 70° Fahr., shall develop initial set not 
less than minutes and hard set not less than minutes, the 
amount water used being just sufficient form stiff plastic paste. 

The following tensile strengths were required: 


hours (in water after hard set) 
days day air, days water) .............. 250 


Mortar composed part cement and part standard 
quartz sand was required develop ultimate tensile strength 
lbs. after days. 

All concrete used was composed part natural cement, 
parts sand, and parts stone furnace slag. 

The results all soundings made adjacent the line the sewer 
were platted the working drawings the sewers, for the benefit 
the contractors making their estimates. The following note was 
placed upon all such plans: ‘‘Soundings shown are not guaranteed 
binding upon the City Philadelphia.” Asa result this note 

claims were made where any differences between the soundings and 
the workings were found exist. 

summary the character the material encountered ap- 
proximately follows: Beginning Thirteenth St., where the 
depths the sewers were smallest, the excavation was through clay 
and gravel. The invert the sewer, however, usually rested upon 
rotten rock micaceous nature. The cross sewer Fifteenth St. 
was mostly gravel, and the workings naturally contained consid- 
erable amount ground-water. Sixteenth St. considerable 
amount rather hard micaceous rock was met, the invert being 
entirely this material. From this point between Nineteenth and 
Twentieth Sts. clay, gravel and rock varying degrees hardness, 
irregularly located, was encountered. and Eighteenth 
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Sts. very rotten micaceous rock, acting like quicksand, was discovered, 
requiring great care the workings. Between Nineteenth and Twenty- 
second Sts., and the Twentieth St. sewer, hard gneiss was found. 
the work approached the river the rock gradually ran out, until, 
between Twenty-third and Twenty-fourth Sts., had entirely disap- 
peared. 

Twenty-fourth St. from Callowhill St. Pennsylvania Ave. 
reasonably hard, and some cases very hard, gneiss was met. Be- 
neath Pennsylvania Ave. was bed gravel, afterward discovered 
considerable extent; the sewer invert, however, was rock. 
From this point Twenty-ninth St. the excavation was through soft 
micaceous rock which blew pieces and came out the shafts all 
purposes the form sand. From Twenty-ninth Thirtieth St. 
the excavation was through clay and gravel, the sewer was not deep. 

The character the rock east Twenty-ninth St. was the same 
ft. below the surface immediately under the top soil. 

The difficulty making deep open-cut excavations adjacent 
buildings, without causing settlement, well known. This espe- 
cially true the foundations the buildings inadequate, upon 
formation which readily affected the action the 
exposure, the buildings old and poorly constructed. many 
cases the trouble aggravated necessary use explosive 
assist the removal the excavated material. 

If, the other hand, the excavation made tunnel, with care- 
ful timbering soft material, with properly regulated charges when 
blasting through rock, the danger materially lessened, especially 
all open spaces between the structure which built and the 
surrounding material are compactly filled with masonry, carefully 
laid. 

The construction these sewers has been excellent proof the 
truth this statement. Probably seven-eighths the entire line was 
through streets lined either side with buildings all kinds, dwell- 
ings, store-houses and manufactories. case, where the sewers 
were constructed tunnel, was any damage done property, with 
the exception the cases referred the paper. All such damage 
was caused blasting, and, without doubt, was brought about the 
use unduly large charges. the case mentioned Contract No. 
Pennsylvania Avenue System, 48-in. water main, immediately over 
the tunnel, was broken blasting, and ice manufacturing plant, 
similarly situated, was stop work account the leak- 
age the joints the ammonia pipes, which, was claimed, was 
caused the blasting. this latter case was the intention re- 
move the plant widening the street, that the damage was not 
unexpected. Contract No. Callowhill Street System, the only 
damage was caused the interference with the adjustments very 
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sensitive machine tools adjoining plant. this case, further Messrs. 
damage was prevented the Chief Engineer, who gave instructions 
regulating the size the blasts. damage this case, recovered 
court from the contractor, amounted $300, which was the full. 
amount claimed the plaintiff. case, where the sewers were 

tunnel, was there any damage whatever caused settlement, nor 

were any settlements the street paving afterward discovered, except 

few cases over the points where shafts had been sunk order 

reach the tunnel. 

The only open-cut work was comparatively shallow depths. 
Callowhill St., between Twenty-second and Twenty-third Sts., there 
was slight settlement the curb and part the sidewalk pavement 
nearest the trench. This was rectified the contractor slight 
expense. 

Twenty-fourth St. considerable damage adjoining buildings 
was caused the construction the temporary flume, because was 
excavated through rock, and, also, because the very old and dilap- 
idated character the buildings. The expense repairing these 
buildings was borne the contractor, already stated. The location 
the flume the sidewalk was determined the contractors 
incidental the work. 

The effect the sub-soil drainage upon the surrounding neighbor- 
hood, caused the construction the sewers, has been marked. 
very considerable amount this water was encountered the cross 
streets from Fifteenth Eighteenth Sts., and was tapped into the 
sewers. When the excavation for the retaining walls was made, after- 
ward, trouble whatever was caused water, many cases the 
soil being perfectly dry where formerly running sand was encoun- 
tered. 

the purpose the writers present future paper de- 
the construction the Subway and Tunnel proper, 
which the work the construction the retaining 
walls and the bridges, well the special railroad and municipal 

features the operation, will elaborated. 
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Discussion.* 


CHARLES Jun. Am. Soc. (by letter).—Mr. 
Rafter’s discussion the effect animal and vegetable life the 
discharging capacity pipe very interesting, but needs 
supplemented records actual observation the presence 
absence such growths. The writer submits these few lines the 
hope adding his mite the meager data this subject. 
Late the year 1894, 36-in. force main was laid from the 
nut Hill Pumping Station the Fisher Hill Reservoir the Boston 
Water-Works, the distance being something over mile. Early 
the following year, during test the new Leavitt pumping engine, 
observations the loss head were taken three points length 
about 000 ft., from which was found that the coefficient the 
Chezy formula was 136, being 4.7 ft. per second, about what 
would expected for new cast-iron pipe this size. year later, 
early 1896, extensive series experiments the friction 


*Continued April, 1900, Proceedings. See February, 1900, Proceedings, for 


Charles Marx, Am. Soc. E.; Charles Wing, Assoc. Am. Soc. 
and Leander Hoskins, E., this subject. 
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loss this pipe was made the writer, under the direction Mr. Sherman. 
Desmond FitzGerald, Past-President, Am. Soc. E., with velocities 
ranging from 1.1 4.5 ft. per second. was supposed that the pipe 
was about the same condition, but the results showed coefficient 
about 113, great loss within single year. This result was far 
from that expected that the pipe was partly drained, and entered 
the upper end. Only small amount tuberculation was found, but 
the whole interior surface was covered with slimy substance which 
proved upon examination consist almost wholly the polyzoon 
Fredericella. 1897, another. experiment, which was 3.2 ft. per 
second, showed about 114. thus appears that there was 
great change the capacity the pipe the first year after was 
laid, and practically none the year following. 

Late 1897, this pipe was cut into, for the purpose making 
connections near the pumping station, and examination the 
interior surface this point showed that practically the same con- 
ditions obtained. anything, the organic growth was somewhat 
thicker, was expected, this being nearer the source the 
food supply. 

seems the writer that, with New England surface waiers, 
which contain more less organic matter, such furnish 
food for them, growths polyzoa the interior the pipes are 
expected, and the result will large diminution the capacity 
the pipes within the first year. After that there will further 
gradual diminution capacity due the slow increase tuber- 
culation. With ground-waters filtered waters, which have not been 
exposed the light, such growths will probably not occur, food 
for the polyzoa will lacking. The experience Brookline, which 
has ground-water supply, and where such growths have not been 
observed, seems bear out this opinion. 


Am. Soc. (by page 506 Mr. Williams. 
the writer’s discussion the April number Proceedings, the co- 
efficient the equation the third paragraph has been erroneously 
computed. The equation its correct form would 2.8643 
This changes Fig. Plate XXIII, making the equation showing in- 
whence the increased loss head Sections 3-4 and 4-5 combined, 
due the presence the tunnel, amounts about 6%, not 60% 
incorrectly stated page 508. These are errors for which the writer 
alone responsible. Their discovery came too late for correction 
the April number Proceedings. 
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Discussion.* 


Mr. Jonson Ernst Jonson, Assoc. Am. Soc. (by letter).—The author 
states that the curve flexure column uniform cross-section 
and elasticity curve sines only when the eccentricity loading 
infinitely small. 

The writer, therefore, would call attention the fact that the nature 
the curve nowise changed increasing the eccentricity. Con- 
sidering the line which the external forces act, the axis abscissas, 
the bending moment still proportional the ordinate. Hence, 
matter how great the eccentricity may be, the curve curve sines, 
the equation which 


where abscissa, ordinate, maximum ordinate, radius gyra- 
tion, load per unit cross-section area, and modulus elasticity. 
For maximum 


*This discussion (of the paper Moncrieff, Soc. E., printed 
the Proceedings for 1900) Proceedings order that the views 
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when being the proportional limit 
compression and the proportional limit tension. 

Hence, 

tricity, and the intentional eccentricity, becomes the length the 
elementary column, the column fixed one end and free the 
other. have then 


seems the writer that this more correct formula just 
simple the one proposed the author. 

Apart from its mathematical form the foregoing formula differs from 
that the author that makes the maximum load function, not 
the ultimate strength the material, but the proportional limit. 
When this limit has been passed the point greatest bending the 
deflection increases very rapidly, owing the decrease the modulus 
elasticity. the eccentricity very small very small addition 
the load will produce infinite deflection. the eccentricity larger, 
the extent which the column may strained beyond the propor- 
tional limit also becomes larger. Until this point has been deter- 
mined must, however, regard the proportional limit the deter- 
mining factor calculating the strength columns. 

That the strength centrally-loaded columns quite independent 
the ultimate strength the material has been experimentally 
demonstrated Considére. found that columns steel, with 
per square inch, were over stronger than columns steel, 
which had proportional limit 000 Ibs. and ultimate strength 
000 Ibs. per inch. 

From the fact that the deflection column proportional the 
eccentricity the load, other things being equal, the author argues 
that designing column necessary guard against two totally 
independent modes failure, viz., failure excessive intensity 
fiber stress, and failure instability. accordingly proposes the 
use two formulas and 2), rather two forms one formula, the 
second being nothing but the special form which the first assumes 
when the equivalent eccentricity reduced zero. This clearly 
unnecessary. strong enough sustain certain load 
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eccentrically applied, also strong enough when this load 
applied exactly the axis the column. 
Fig. 46, the curve Formula falls below that Formula when 


the former formula. the same factor safety had been applied 
both formulas, Curve would always have been above Curve 
The formula here given was, far the writer knows, first applied 
experimental results Marston, Assoc. Am. Soc. Mr. 
Marston, the same the author, proposes constant value for the rela- 


tion This implies that short column more likely imper- 


fect than long one. 

seems the writer that the amount imperfection column 
ought proportional the length, hence, since the effect imper- 
fection also the length, the equivalent eccentricity ought pro- 
portional the square the length the column. 

Now, were introduced into the cyclometrical function the 
formula, could not solved conveniently. will, therefore, sub- 


stitute the value thus making where the empirical 


constant, the coefficient imperfection, and consequently Equation 


becomes 
abw 


How this conclusion agrees with experience, may seen from Table 
No. which shows the coefficient imperfection some the round- 
ended wrought-iron columns tested Mr. James Christie. This table 
seems show that come much nearer the truth assuming 
constant than when make variable, proportional tow. very 
close agreement, course, cannot expected. 


TABLE No. 

221 148 562 
222 000 430 
220 900 2170 928 
214 138 209 
219 417 270 
216 138 112 901 
201 179 160 
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seems the writer that fractional factor safety should 
applied each the three empirical constants the formula, viz., 
port. Designating this factor the least the two 


uniform cross-section and elasticity their final form. 
One end fixed and one end free: 


load; 


load; 


Both ends hinged 


Eccentric load; 


One end fixed and one end hinged: 
load; 


Eccentric load; 


Both ends fixed: 


Both ends 


Central” load; 
| | 
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Low, Am. Soc. (by letter).—This paper recalls 
the writer two topographical surveys made him several years ago. 
One, survey Prince’s Flats and vicinity, Wise County, Va., and 
the other, portion the property the Mathieson Alkali Works, 
Saltville, Smyth and Washington Counties, Va. 

Prince’s Flats now called Norton, and the junction ofthe Nor- 
folk and Western and Louisville and Nashville Railroads. com- 
prises stretch land between the Goest’s and Powell Rivers, which 
streams rise the north the town, flowing southward almost 
parallel one another only miles apart, and Norton turn, 
the former flowing the east, the latter the west. 

the time the survey, part Prince’s Flats consisted 
little cleared Jand, the remainder and the adjoining country being 
virgin forest and howling wilderness. The Norfolk and Western 
Railroad Company had obtained option which had been 
selected for town site and junction point. Before acquiring the 


*This discussion (of the paper William Landreth, Am. Soc. E., printed 
the Proceedings for March, 1900) printed Proceedings order that the views 
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land the company desired have topographical survey made, and 


this duty was assigned writer. The option had only 
run, and became imperative make the survey and map the 
shortest possible time. The survey was made one month asmall 
party organized for this purpose and consisting assistant engi- 
neer, transitman, chainmen, back flag and axemen. 

The area surveyed was about miles long and nearly mile 
wide, and consisted several tracts land, one which the 
boundary line had beenrun out The terri- 
tory was quite rugged, the difference elevation between the lowest 
and highest points being about 800 ft. Many the slopes ranged 

wagon road ran through the property from one end the other, 
cutting into two nearly equal parts, and was decided use this 
for the location base line. transit line, marked stakes 
100-ft. intervals, was run along the road, and from this base line, 
especially the north side, spur lines were run the various water 
courses and also along the tops ridges and crests. the south 
side additional base lines were run, generally parallel with the main 
base. The boundary lines were also re-run, and all lines stakes 
were placed 100-ft. intervals. Nearly all the lines were carefully 
levelled over with wye level, and elevations all stations were 
taken, well intermediate points, where necessary. few 
the auxiliary lines were run second party, which happened 
the ground the time, making surveys for the proposed railroad. 

After the levels had been run, the topography was taken. This 
included all the natural well the few artificial features which 
existed, also the contours, which were taken 5-ft. intervals. 

The contours were taken means hand Locke level, the 
actual elevation ending and ft. being ascertained the ground 
and the distances from the center line noted. All measurements and 
observations were taken lines right angles the base line. 
Some the cleared areas were surveyed the stadia method, 
much the same manner outlined the paper. 

The work running the base lines, taking the levels the same 
and the topography, so-called, was all done one and the same 
party, each part the work being taken regular sequence. 
The plotting was not done the field, but neighboring farm 
house, improvised drawing table, after the base lines had been 
run, and while the levelling and topographical work was progress. 

The methods used this survey gave very close results, being 
especially desired that the location the contour lines should 
quite accurate, being the intention utilize the survey laying 
out the town site, less accurate survey would have neces- 
sitated second survey basis for laying out the streets. The 
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streets were laid out several years after the survey was made, and 
may interest note, that very few, any, changes variations 
from the paper projection were required, showing remarkable accuracy 
the contour work, which especially noteworthy, when 
recalled that the area was densely wooded and covered with thick 
growth underbrush and laurel. The surveyed about 
miles, and the cost the survey approximated $600, $300 per 
square mile. 

The other survey was that portion the lands the Mathieson 
Alkali Works, Saltville, Va. This land formerly belonged the 
Holston Salt and Plaster Company, corporation engaged man- 
ufacture salt. The Mathieson Alkali Works secured the property 
for the purpose erecting thereon plant, for the manufacture soda- 
ash and allied products. The contemplated works were very ex- 
tensive and employ large force men. the old company had 
maps their property, which the various salt furnaces, salt 
wells, houses and other improvements were located, the new company 
decided have complete topographical survey made, and this duty 
devolved upon the writer. 

The survey generally comprised the valley the Mill Spring 
Branch, the stream was called locally. this valley were situated 
the salt wells, and along the edges the various improvements, the 
whole valley being rimmed hills nearly 300 ft. high. The Salt- 
ville Branch the Norfolk and Western Railroad skirted the west side 
the valley. The survey also included part the valley the 
Holston River, the banks which the works the company are 
located. 

this case, also, was desired have accurate survey the 
property, and especially one which would show the true location 
the contour lines. was ideal piece country survey, 
being entirely devoid timber, the land not occupied being used for 
grazing cattle. Owing the many artificial features involved, was 
not considered advisable use the stadia method, but use instead 
that generally adopted railroad surveys. 

Prince’s Flats (or Norton), base lines, marked stakes set 
every 100 ft., were run suitable and selected places. For instance, 
one was run the middle the valley, another along the railroad 
track, and others were run along the different highways, along the foot 
the hills which skirted the valley, some higher the hill sides, and 
some along the tops. Care was taken run lines wherever possible 
along the ridges high ground and nearly possible right 
angles the slopes. Spur lines were run where necessary along small 
streams and ravines. All lines were run with transit, and, all 
but few instances, formed closed circuits, which usually closed 
exactly with variation few minutes only. Each line was 
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marked with distinctive letter, for the purpose identification Low. 


the ground. 


Levels were run over these lines, the elevations all stations being 
taken. The levels checked closely, the variations not exceeding few 
hundredths foot. 

The topography was all taken the offset method, that is, lines 
right angles the bases, and the regular stations, placed, 
stated, 100-ft. intervals, and few instances 50-ft. intervals. 

All buildings every kind were located, two measurements each 
being taken, one the distance from the base line range one the 
sides the building the corner, and the other from the same corner 
the nearest station, the station and plus, where the range cut the 
center line, being, course, also noted. The size, character, etc., 
the building was also noted. The contours were taken, Prince’s 
Flats, hand level. 

The maps were plotted scale 200 ft. The 
map sheets were 19x24 ins. size, fitted together the adjoining 
edges crosses. The lines were plotted means large paper 
protractor, using standard meridian, which the lines were referred. 
The main base line, extending from the Holston River Buena Vista, 
distance about miles was checked carefully means latitudes 
and departures. nearly all the other lines were closed circuits, 
tied the main base, the plotting could checked those instances, 
and usually closed remarkably well. Upon the completion the 
maps, tracing the whole area was made. 

The area surveyed was about sq. miles. The cost was about $900, 
$300 mile. This hardly fair way express the cost, 
the areas were comparatively small, and, also, account the large 
amount detail taken, which not the case making surveys 
covering large areas, devoid many artificial features, where only 
salient points are taken and the intervening portions sketched 
interpolated. 


Joun President, Am. Soc. E.—The speaker was, for Mr. Wallace. 


short time, Vice-President and Manager the Mathieson Alkali 
Works. One the first pieces information which desired was 
map showing the location and physical features the property, and 
the results Mr. Low’s topographic survey were brought him. 

The company owned from 000 acres land, and had 
established, the banks the Holston River, plant for the manu- 
facture soda-ash and its allied products. The total amount invested 
plant and machinery was about 000 000. 

The works were laid out originally English engineer, who 
had carried out the idea the English industrial village. Each class 
employees had its own settlement. The superintendents depart- 
ments had one section valley themselves; the carpenters and 
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the foremen certain departments had another valley; the laborers 
certain parts the process still another valley; and the ordinary 
laborers another. The location the buildings, the side-tracks, the 
drainage and other improvements, which were being considered and 
discussed continually, made map this kind essential feature 
the economical management the property. 

For the area covered, the speaker has never known more com- 
plete accurate topographic survey than that Mr. Low. has 
had occasion test innumerable ways, and, his pleasure, has 
never found any errors. the consideration various projects for 
the development the property, the location roads, side-tracks, 
trestles, and apparatus take care the waste products, etc., was 
able make profiles any desired direction, and the assistance given 
the information embodied this survey was great that the 
speaker has always felt indebted Mr. Low for it, and takes this 
opportunity pay him tribute. great many engineers, like Mr. 
Low, spend their lives obscure sections the country, and 
never hear them. The faithfulness with which they carry out their 
work never known. with pleasure, therefore, that the speaker 
calls attention the accuracy this particular survey. 


Henry Jun. Am. Soc. E.—The speaker was engaged 
making the survey for the Hankow and Canton Railway, China, 
which William Barclay Parsons, Am. Soc. E., was chief engi- 
neer. Before sailing for China was question what kind 
survey, or, fact, whether any survey whatever, could made. Mr. 
Parsons, however, decided that stadia survey was the only one 
practicable. The party consisted chief party, topographer, 
instrument man and two rodmen. 

Before leaving Hankow was considered absolutely necessary 
check all the instruments and measure the rods. The latter was done 
laying out long base line the Bund (the principal street 
Hankow). With the assistance some the native policemen, and 
with three days’ work, the subdivision the rods was made exactly 
right. This was important preliminary the readings the 
survey were not checked, and the rods had not been correct 
there would have been large cumulative error the total length 
the survey, 742 miles. 

Stadia readings were taken for the distances, and the levels were 
taken stadia readings and vertical angles, and the courses from the 
compass. The distance was covered working days, making 

the beginning the survey sight was taken pagoda, the 
latitude and longitude which had been accurately determined 
seconds the Customs Department. the end the survey 
sight was taken another pagoda, the location which had also 
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been similarly determined. The latitudes and departures were then Mr. Magor. 


worked out and the total distance checked within less than 000 ft., 
less than mile 742 miles, which shows how accurate stadia 
survey can made. 

The sights averaged about 500 ft., but one (when was necessary 
ever was possible, solar observations were taken determine the 
declination the needle. The first reading was minutes west, and 
zero, the magnetic meridian, was passed when about three-quarters 
the distance had been traversed. Thus, fortunately, there were 
practically corrections made reckoning the latitudes and 
departures. 

The levels, course, could not expected check, fact, 
attempt was made check the readings for elevation. The line was 
merely run from one point another, the object taking any levels 
whatever was determine any particular gradient over summit, and 
this, course, was accomplished satisfactorily. The levels, however, 
checked reasonably well with the barometric readings the summit, 
which was about 000 ft. above the sea; but neither these results 
could relied upon, they were only approximate. 

The stadia rods were ft. length, and measuring very long 
distances half the wire interval was used and then the remainder was 
determined the gradienter. Corrections the distance for differ- 
ences elevation were not made. certain places where the 
vertical angle was great, the correction the distance was 


but was small that would have been importance asurvey 
this kind. 


Am. Soc. E.—In the Government survey the Mr. Buck. 


Red River was endeavored limit the length the sights about 
600 700 The longest sight was about 1000 m., but such 
long sights there was likelihood considerable error. 

All the speaker’s stadia work has been done level country, and 
would like inquire what extent corrections for distance are 
applied making surveys very hilly country. 


Henry Am. Soc. E.—In the work the Rocky mr. Goldmark. 


Mountains, with which the speaker was connected, stadia was only 
used small extent. John Barlow, Am. Soc. E., did the 
instrumental work and made some very rapid surveys that method 
also surveyed some the auxiliary reservoirs (not yet built) the 
Ogden power plant stadia, but the principal reservoir site was 
veyed the ordinary railroad methods, that is, base lines and 
secondary lines right angles these bases, all elevations being 
taken with level. 

There doubt that the stadia method would have.been much 
more rapid and economical than the method adopted for that survey’ 
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and would have been sufficiently accurate. The surveys were very 


good, but the speaker has always considered them more expensive 
than was necessary. 


Himes, Am. Soe. E.—In making the United States Deep 
Waterways Surveys for 30-ft. canal along the Oswego-Mohawk 
route, the territory was divided into two parts, known the Eastern 
and Western Divisions, and the survey each part was made 
separate corps engineers. The dividing line was Herkimer, 
few miles west Little Falls. 

The route, the Western Division, followed the Oswego River, 
Oneida Lake, Mohawk River and connecting lines, total distance 
about miles. The work this division included the necessary 
harbor surveys soundings Oneida Lake and the various 
streams, the triangulation Oneida Lake, covering area about 
sq. miles, complete system test borings and about 120.7 sq. 
miles topography. The topography was taken with the stadia, 
accordance with instructions issued the United States Board 
Engineers Deep Waterways. 

base line was measured along the route, and Oneida Lake was 
covered with chain quadrilaterals. This base line and triangula- 
tion formed the foundation the survey. 

Method.—The manner taking the topography was: start from 
instrument point the base line, with the base-line azimuth, and run 
circuit through the territory covered, returning, generally 
within distance miles, the base line and checking the azimuth 
the nearest base line point. 

The courses the circuit were all measured with the stadia, except- 
ing those belonging the base line, which necessarily formed part 
the closed circuit. 

The distances and vertical angles were read twice, once foresight 
and once backsight, and the mean both was used plotting. 

each instrument point was occupied running the circuit, 
readings were taken all around the circle, all objects topography, 
natural artificial, which could have any bearing upon the proposed 
plans and estimates. 

sufficient number readings was taken permit the develop- 
ment contours having vertical interval ft. 

All buildings, roads, railoads, property lines, ditches, canals, 
streams, high-water marks, orchards, swamps and rock outcrops were 
located, and notes were made character the soil and sub- 
strata where exposed. 

Sketches were carefully made the field books, and were found 
great service plotting. Each stadia reading was numbered, 
beginning each morning with number one, and the locations the 
principal readings, with their numbers, were shown the sketches. 
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Each party was supplied advance with list data for use Mr. Himes. 


the locality where was work, which included the number, eleva- 
tion, latitude and departure all base-line instrument points, the 
true azimuth the base-line courses and the approximate boundary 
the territory surveyed. 

With this information, was easy matter find starting 
closing point for circuit, and check the circuit after was run. 

order avoid complications the adjustment circuits for 
plotting, they were made simple possible. Along the base line, 
their length was limited miles. secondary circuit was allowed 
start return primary circuit, but circuit was.allowed 
start from one circuit and close another, start from cireuit 
and close base line, save exceptional cases. 

Checking Survey.—In the beginning the survey, the field work 
was checked having each party plot its own work roughly pro- 
tractor sheets. time there were only two stadia parties work. 
They were located very near together, and the checking was fairly well 
done. was found, however, that the work thoroughly would 
require the addition draftsman and computer each party. 
Even with this changeit would have been difficult keep the checking 
close date, because the book which was the field during the 
day was always needed night for reducing the readings and com- 
pleting the notes, that the draftsman either had whole book 
behind his work, else the field party must work first one book 
and then another, either which methods was very objectionable. 

Working Maps.—After the survey had been progress for time, 
was decided the Board that since working maps were needed, 
they could well made the field parties instead the plotting 
the protractor sheets, thus saving the labor one set maps and 
securing the necessary check the survey and complete set 
working maps the same time. 

was desirable plot the base line these working maps 
latitudes and departures, and, they must figured, became con- 
venient check the stadia circuits figuring their latitudes and 
departures and comparing results with those the base line the 
closing station. 

The method pursued thereafter was, therefore, check the stadia 
circuits latitudes and departures immediately when closed, send 
book, when completed, the headquarters the survey, where the 
numerical work contained therein was first checked and the notes then 
plotted and errors omissions reported back the field for 
tion. The work was divided among the stadia parties that each 
party could remain long enough one locality fill several books, 


and was very seldom that party had back previous loca- 
tion look errors. 
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After the winter work Oneida Lake was completed, the force 
was large, numbering for several months nearly 100 men, and the 
work was scattered, that would have been impossible maintain 
thorough control the not been centralized and 
reduced system above described. 

Each night, after the men had returned their boarding places 
and eaten their supper, the notes taken during the day were reviewed, 
the stadia measurements, when necessary, were reduced the hori- 
zontal and the differences elevation computed. The latitudes and 
departures the circuit courses were figured, and circuit had been 
completed, the latitude and departure the closing station were 
compared with its latitude and departure given the base-line 
notes. this means, when errors occurred, they were always discov- 
ered promptly and corrected before they could create any confusion 
the offive work. 

Precision Work. —In order show the degree precision which 
was attained with the stadia, all circuits throughout the whole work 
which were closed their starting points have been reviewed and 
their closing errors computed. The results are Table No. 
from which may seen that the error can readily kept 
below 

TABLE No. 


No. Maximum Minimum Average 

circuit. circuit. circuit. 
Between and 7 7 015 1 813 4 779 


The err elevation seemed bear relation the length 
the circuit. seldom exceeded ft., and was generally less than 
0.5 ft. 

Organization Party.—A stadia party usually consisted five 
men; instrument-man, recorder and three rodmen. Sometimes 
laborer was added party, temporarily, for the purpose cutting 
brush rowing boat. 

The instrument-man was required direct the work the party 
and attend its needs. selected the boarding place, paid inci- 
dental expenses and rendered accounts for board, team hire and sun- 
dries the Assistant Engineer. also made weekly statements 
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the amount work done, and kept journal which were recorded Mr. Himes. 


all events which might have bearing the progress the work, such 
storms, high water, the transfer men from one party another, 
and the loss tools. 

the field either kept notes ran the instrument and had the 
general direction the operations the party. 

The recorder acted assistant the instrument-man, recording 
notes, running the instrument taking charge the party, tempo- 
rarily, when the instrument-man desired make reconnoissance, 
for some other reason was separated from the party. 

The work the rodmen was carry the stadia boards the 
select points where readings were taken and report the 
instrument-man any information they might obtain which would 
value the survey. 

effort was made allow each man the party acquire 
much experience possible, and for that purpose the recorder and 
instrument-man exchanged work occasionally with the rodmen. While 
the progress the party was hindered little such times, 
believed that increasing the interest the men their work the 
final result was benefited. 

Field Notes.—Each instrument-man was required keep his notesso 
clearly that any stranger, not familiar with the work, could read them 
readily. For this purpose, each book contained index and brief 
synopsis its contents, and all notes copied from other books were 
thoroughly cross-referenced. For instance, when stadia circuit was 
started from base-line instrument point, reference was made the 
notes the book and page the base-line notes where the station was 
recorded, and also the place the level notes where the elevation 
was found. 

erasures were allowed the notes, and the date, the number 
the instrument, and the names the observer and note-keeper were 
always recorded. 

After the computations had been made, references were made the 
computation books where the figures were recorded. 

was found nearly impossible keep the notes written and 
the reductions made evening work, every stormy day was used 
catch up, and, rare occasions, the whole party remained inside 
for day work the notes. 

developed many convenient details doing the work, 
which aided much the interpretation and plotting thenotes. Some 
the features the work which have been stated were not begun 
until the work had been progress two three months, they were 
the outgrowth experience. 

instruments used were the usual railroad transits 
with stadia wires. There were two made Buff Berger, two 
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Mr. Himes. Seelig, and one Heller Brightly. the latter instrument the 


wires were adjustable, the others they were fixed, but all cases 
the value the interval was determined, and the rods graduated 
accordingly, attempt being made adjust the wires the Heller 
Brightly transit. 

Reduction Readings.—The rods were graduated and the reduc- 
tions made according the formula deduced Robinson, 
Am. Soc. E., Michigan University. The tables computed 
according that formula Alfred Noble, Am. E., and 
Mr. Wm. Casgrain were used first making the reductions. 
Later, charts for doing the work were furnished the Board, and 
their use greatly lessened the amount necessary labor. 

Graduation Rods.—The style graduation used the rods was 
found especially adapted the work, and is, therefore, ex- 
hibited Fig. The features especial merit are, its simplicity 
and absence fine detail, which avoids confusion, and the use 
sharply-defined angles for divisions, which permits very precise 
readings. 

The rods were ins. wide and ft. long. The and 
10-ft. marks were painted red. Sights ft. long were 
read very frequently instrument points well for side 
readings. 

Seasons.—The work was begun October 23d, 1897, and 
prosecuted continuously one more parties until its 
completion, November 5th, 1898. The work has been done 
all seasons, all kinds weather, and many kinds 
country, including the wharves, buildings, bridges and 
canals Oswego, the railroad yard Utica, the irregular 
and thickly wooded hills Sand Ridge and the open, level 
plains the Mohawk Valley. 

the comparative merits the seasons for taking 
the topography, was found that July and August were the 
most unfavorable months, and that the best time the 
early spring late fall, when the weather cool, the trees 
are bare and there are crops heat waves interfere 
with the sight impede the progress. warm weather the 
atmosphere too unsteady permit long sights, the foliage 
thick, and obstructs the view, and the summer heat renders 
the traveling more fatiguing, that the rodmencannotcover 
much ground. 

The progress the party frequently dependent upon the speed 
with which the notes are recorded, and extreme cold weather the 
progress lessened somewhat the difficulty using pencil with 
cold fingers. other ways, especial difficulty was experienced 
the winter time. During the winter 1897-98, the snow caused 
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more interference with the work than did the rain during the follow- Himes. 


ing summer. 


The average number days lost each month the several parties, 


1897, October, 0.0; November, 3.5; December, 4.5. 

1898, January, 1.0; February, 4.4; March, 1.4; April, 2.8; 
May, 4.7; June, 1.2; July, 0.7; August, 3.2; September, 1.5: 
October, 3.6. 


Cost.—The cost the stadia work per square mile, using the same 
items given Mr. Landreth, viz.: salaries, maintenance, traveling 
expenses and supplies, was follows: 


There have been excluded from the area several swamps which were 
surrounded with stadia work, but not penetrated. Theiraggregate area 
13.4 sq. miles. 

The average number readings per square mile was about 440, 
per acre. 

The minimum average area covered per day one party ona single 
piece work was 0.058 sq. The maximum was 0.257 sq. mile. 
The average area covered per day one party for the whole survey 
was 0.123 sq. mile. 

computing these averages, holidays and other lost time has not 
been deducted from the total number days the field. 

About 83% the area was mapped scale The 
remainder was mapped scale 1:2 500. 

The cost mapping includes plotting soundings, test borings and 
triangulations. There were upwards miles soundings, and 
the cost plotting these cannot separated from the rest the map- 
ping. would, perhaps, more accurate call the total area 
mapping 133 sq. miles. The cost per square mile would then $92. 
vertical interval ft. was used plotting the contours. 

All elevations, determined either sounding with the stadia, 
were inked the maps. This, thought, was not done Mr. 
Landreth’s work. 

Conventions furnished the Board were followed throughout the 
work, but while they were used sufficiently show clearly the topog- 
raphy the country, care was exercised avoid everything that 
line not wholly necessary, the end that the maps might useful 
medium for engineering study rather than exhibition artistic 
skill. 
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making use the foregoing data, would well note that 
the maximum rate progress was about four times the minimum. 
Also, Mr. Landreth’s data, the field work Fish Creek for 5-ft. 


contours cost less than that for 10-ft. contourson Salmon River, while, 


Mr.MacGregor. 


the Black River, the cost for 10-ft. contours was one-fourth 
that Salmon River. 

surprising that Fish Creek, where 620 readings per square 
mile were taken, the cost should nine-elevenths that Salmon 
River, where 256 readings per square mile were taken. 

the Black River, Mr. Landreth took 131 readings per square 
mile, which about one reading for every acres. Eighty-five sq. 
miles were covered that way. This small number readings and 
the low rate cost make interesting consider the cost the 
United States Geological Maps, and inquire whether work done 
that manner would have served the purpose. the New York State 
Engineer’s Report for 1895, itis stated that the total cost the United 
States Geological Maps that State, prior 1895, the rate 
$10.62 per square mile. 

noted Table No. that large percentage the work was 
taken directly from base-line stations. That practice was forbidden 
the main surveys, being considered that greater chances for error 
were afforded than where the topography was all taken from stadia 
circuits. 

Considering the rapid movement Mr. Landreth’s party, was 
undoubtedly better for him use large party and the plotting 

The method plotting outlined above was the outgrowth con- 
ditions which had met, and should never adopted without due 
consideration. 

The results the work appear warrant more general use 
the stadia preliminary surveys. 


MacGrecor, Assoc. Am. Soc. E.—In the survey 
Baltimore, Md., the stadia method was used more than square 
miles. The maps were plotted scale 200 ft. and all 
fences, roads, houses (with some details the houses) contours 5-ft. 
intervals, wooded areas, creeks, pasture and cultivated areas, etc., were 
shown. 

The method used was somewhat similar that described Mr. 
Himes. The instruments were provided with fixed stadia wires; the 
horizontal and vertical circles were divided read seconds, and 
the vernier the vertical circle carried level tube, each division 
which had value seconds. 

The stadia boards were T-shaped section and the figures were 
similar those used the United States Lake Survey. The meter 
was used the unit length account the convenience using 
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the tables for difference elevation, which were those computed 
Messrs. Ockerson and Teeple the United States Lake Survey, and 
which give the elevation feet for the distance meters. 

Everything was plotted the field, the map being made complete 
pencil before leaving the locality. The shots were taken and re- 
duced the recorder, and plotted the draftsman, who stood behind 
him: The topographer charge then did the sketching. 

Each sheet contained sq. mile territory, and had least five, 
and sometimes great many more, points plotted thereon, before being 
sent into The co-ordinates points and azimuths and dis- 
tances between the points were given, and closed circuits were run be- 
tween them. The circuits were computed the field and error 
greater than was allowed, this being about the limit accuracy 
plotting 200 ft. in. 

Elevations were read and plotted 0.1 ft., and the level runs 
usually checked within run the error was 
only 0.18 ft. between points determined spirit leveling. 

The average error closure was about 700 between points de- 
termined precise traverse methods which the error was 

The cost the 33.3 sq. miles was about $850 per square mile for the 
stadia field work alone. The average number shots the acre was 
about work done the speaker, about 500 acres, averaged 
acres per day. The maximum number acres surveyed day 
was about 75, with 207 shots, the minimum small fraction acre, 
the character the territory varied considerably. There were 
small clusters houses most the sheets, but one sheet the 
most thickly settled portion, there were houses and 000 shots. 
The number shots per day averaged with maximum 349, all 
being plotted and the sketching done. 

General Douglas, Am. E., was Chief Engineer 
the survey, and Mr. Connet was charge the topographical 
division. 


Kennetu Am. Soc. (by letter).—The cost topo- Mr. Allen. 
graphical surveys little significance without full knowledge the 
character the ground, the extent the survey, and such necessary 
expenses transportation and board, which depend the locality. 

the remaining factors, the scale the map, which generally 
controls the limit error, prime importance. that, when 
claimed that certain survey was well conducted because costing less 
per unit area than another, means absolutely nothing. For this 
reason, such details are given the author are value enabling 
one estimate the cost similar surveys under similar conditions. 

connection with the recent investigations the Baltimore 
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Sewerage Commission, various topographical surveys were conducted 
the writer from which the following five are selected, data regard- 
ing the cost which are given Table No. and are, perhaps, 
sufficient value place record. 

The ground being similar and II, comparison their 
costs interest showing the economy reading compass bear- 
ings and setting alternate points, where this sufficient, and 
practicable. 

comparison the cost Survey with the costs Surveys 
and shows the increased due plotting larger scale 
and halving the contour interval, the territories being fairly open 
each case, and and having but gentleslopes. will noted, too, 
that and are quite limited extent comparison with the 
others, which part accounts for their greater cost per square mile. 


TABLE No. 

Total area, square 2.04 0.733 
Area per day, square 0.131 0.079 0.0515 0.0524 
Salaries per square mile............... $54.90 $78.00 40.20 $256.21 
Expenses per square mile............. 11.91 16.49 28.54 30.73 13.50 
Cost per square $66.81 $94.49 $168.74 $269.71 
Estimated cost per square mile, in- 

186.57 363.18 284.01 


All these surveys were made stadia and vertical arc measure- 
ments, running circuits between established points, and referred 
benches established the wye level. The bearings were determined 
the compass, except Survey II, where the azimuths were turned 
off vernier. The times given are for days worked only, and donot 
include time lost; while the costs given are for work the field only, 
and not include the map work done the office. They in- 
clude, however, all expense for field work, including the plotting 
the map field sheets which were turned the main office and 
transferred the draftsman sheet which the lines points 
control had been plotted. 

Surveys and were made with considerable care and detail, 
being for the purpose laying out filtration beds plants for the 
treatment the city’s sewage. 

Survey was timber, and marsh and water. 

Survey IV, was water surface. 
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was water surface. 


Survey III the range elevation was Some the ground 
was quite rough and filled with dense thicket briar and under- 
brush. the other areas the range elevation did not, generally, 
exceed ft. 

The greatest error closing the Survey III the map, 
averaging about miles length, was ft., occurring unim- 
portant place; the next was and the average ft. 

Two steel tape lines, which had been run through this area, were 
utilized bases; while Survey steel tape base lines were run 
from known positions determined the United States Coast and 
Geodetic Survey. 

The writer interested noting the use megaphone the 
field. The means communication between the rodman and the man 
the instrument should effective the maximum distance and not 
liable misinterpretation. simple code signals believed 
preferable verbal orders for directing the ordinary movements 
the rodman, and for this purpose whistle small flag may serve; 
but there are times when some means conveying fuller directions 
than can done this way very desirable, and the megaphone may 
answer the purpose. Sight signals have the advantage being 
effective where there are disturbing noises from winds, factories 
waterfalls, while signals sound may preferable where there 
more less obstruction the sight. 


Survey was timber, was open marsh, and mr. 


Jun. Am. Soc. (by letter).—The cost the Fisher. 


field work for topography with 10-ft. contour intervals two terri- 
tories, which were, respectively, 65% and 25% wooded, given 
Mr. Landreth $66 and $16.50 per square mile. These results 
present opportunity determining, measure that least 
suggestive, how much the cost such varies with the per- 
centage woodland. 

The writer, having computed the cost similar survey made 
the summer and fall 1899 the New York State College Forestry* 
their track the Adirondacks, Franklin County, Y., submits 
the results order that with others they may form basis compari- 
son. 

The territory was practically all wooded, and presented the usual 
difficulties the mountainous and hilly country the Eastern 
The area covered was sq. miles, and, the effort find the cheapest 
method, both rectangular and irregular systems stadia transit lines 
were tried. There were 172 miles stadia circuit. The survey was 
made between July Ist and December Ist, 1899, but not continuously. 


Doctor Director. Field work supervised Professor Ogden, 


Assoc. Am. Soc. and Mr. William Mott, both Cornell University. 
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Mr. Fisher. Comparing the seasons, summer and fall, differences foliage were 


largely counterbalanced differences weather. The cost main- 
tenance was about 41% the total expense. 


TABLE No. 


Survey. Percentage wood- Cost per square mile. 
New York State College Forestry.. 100 
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Discussion.* 


Am. Soc. (by letter).—In the investi- mr. 
gation for developing project for deep waterway from the Great 
Lakes the Atlantic, which was commenced the United States 
Board Engineers Deep Waterways the fall 1897, became 
evident, from the start, that the existing data relative the flow 
water over dams were inadequate for the accurate determination 
river discharge where the depth the crest the dam was 
over 1.5 ft. 

The uncertainty the value the coefficients weir formulas 
which should used for dams different cross-sections, and for dif- 
ferent depths the crest, made apparent that additional investiga- 
tions would necessary before satisfactory estimates could made 
the value water-power rights which may modified, the amount 
slope walls and bank protection which would needed between the 
limits the high and low-water stages the proposed waterway. 

first, was thought that extended observations with modern cur- 
rent meters several the principal dams question would 
necessary, but since the coefficient the weir formula varies greatly 
with the shape the dam, and there are but few the dams the 


*This discussion (of the paper George Rafter, Am. Soc. E., printed 
the Proceedings tor March, 1900) printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 
(See rules for publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior June 22d, 1900, will printed 


later number Proceedings, and subsequently the whole discussion will published 
Transactions. 
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Oswego, Mohawk and Hudson Rivers, which have similar cross-sections, 
such method would have been incomplete and unsatisfactory, and was 
not attempted. 

the fall 1898 the experiments Bazin, published the 
Annales des Ponts Chaussées, became available, and established the 
coefficients for great variety different-shaped weirs, but, unfortu- 
nately, for depths less than 1.5 ft. the crests. 

December, 1898, the entered into correspondence with 
Professor Gardner Williams, Am. Soc. E., engineer charge 
the Hydraulic Laboratory Cornell University, relative extend- 
ing the Bazin experiments for some the forms dams the 
Oswego, Mohawk and Hudson Rivers, but, owing the lateness the 
season, nothing was done until the following April, when Mr. Rafter 
was requested have his assistants construct experimental weirs 
forms similar those the principal power plants the proposed 
deep waterway routes, and Professor Williams was requested install 
the necessary measuring apparatus determine the coefficients for the 
different forms dams experimented on, and take general 
charge the observations. 

The success the experiments was largely due Professor Williams’ 
ability experimenter, and the untiring interest which mani- 
fested the prosecution the work. 

authorizing these experiments, the Board Engineers Deep 
Waterways insisted that the standard sharp-crested weir should 
thoroughly calibrated for all depths the crest for which used. This, 
however, the observers were unable accomplish satisfactory 
manner, but hoped this will done time embody the 
results this discussion. 

Referring the mean coefficient curve the standard weir shown 
page 306, will noted that for heads from ft., the co- 
efficient minimum. far the writer aware, there good 
reason for this, and probable that the peculiar shape the curve 
may due incorrect calibration the standard weir, and the effect 
velocity approach and side walls narrow flume for which 
the correction made is, apparently, largely matter judgment. 

examination the curves pages 272 289, inclusive, shows 
the same peculiarity for large percentage the experiments, and 
study the data and results indicates that incorrect determination 
the effect velocity approach the experimental weir and un- 
known resistances the side walls narrow flume are the principal 
causes. Comparing the curve page 289 with that page 306, there 
apparently reason why one should regular curve and the other 
not, and, observations made subsequent those discussed the 
paper indicate that the former correct, fair presumption that 
observations will very likely modify the shape the latter. 
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Am. Soc. E.—It would afford the Mr. 
speaker great pleasure were able give nothing but commendation 
for the work the author. Unfortunately, compelled differ 
from the opinions expressed the paper, some rather essential 
points. fully aware that any criticisms that may made, 
far they relate the execution the experiments, will criticisms 
upon himself, and, extenuation, has only say that the institution 
which has the honor represent searching for the truth, and will 
glad, occasion comes, point out its own errors well those 
others. will any criticisms, any suggestions, any 
instructions. 
The matter formulas will passed over present, except note 
that there are some other errors than those which have been mentioned 
specifically, but itis probable that they all occurred the same way, 
the speaker happened receive, aconsiderable time ago, typewritten 
copy that portion the paper which the errors occur, which 
believes there were errors; that feels sure that the first 
original translation was correct, and the errors have undoubtedly been 
made copying, the author has suggested. 
The most essential point the paper, with which the speaker takes 
issue, the use Bazin’s coefficient the Francis formula, and 
fact the author’s use Bazin’s general. Bazin’sformula* 
differs from the formulas Francis, Fteley, Stearns and Hamilton 
Smith, that provides for the effect velocity approach, its 
coefficient; whereas all the others require that the observed head 
corrected for the velocity approach, that the 
observed. Therefore, the statement, the apparent statement, that 
the coefficients the table page 233 are equivalent the 
would only true the case weir infinite height, that is, when 
speaking solely weirs with end contractions suppressed. The sup- 
pressed weir the only one that Bazin used, and the only one used the 
Cornell experiments. the only one considered this discussion. 
The statement also made that reference this table will 
seen that there very little change the coefficient after height 
weir ft. reached. That also needs some decided modification, 
because the coefficient changes the velocity approach changes, 
and while the statement true with the comparatively low heads, 
1.6 ft., included the table, not true with higher heads, as, 
for example, with head 100 cm., that is, about ft., weir 
weir ft. high, according Bazin’s formula. 


Annales des Ponts Chaussées, October, 1888. 
Engineers’ Club, Philadelphia, 1890, Vol. vii, 251 seq. 
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weir measurement getting down rather fine; but are 
consider that accuracy the measurement water for power pur- 
poses for consumption and accuracy the design crest dis- 
charge the flood volumes stream, are two different things. 
the latter case, one comes within 5%, heis doing very well. the 
former, one should get down near possible. 
The author, apparently, makes misstatement page 296, where 
hesays that him elsewhere called and was originally 
designated the Greek letter Bazin—is coefficient which 
depends upon the height the weir. Now, that less than half the 
truth. depends upon the height the weir and the head over the 
weir, and given quite accurately the formula 0.405 


for English units. That is, given satisfactorily for- 


4 


/mula which does not involve the height the weir all. other 

words, speaking generally, the coefficient varies with the head 

over the weir and not with its height. The coefficient varies with 

the head over the weir and the height the weir, and the factor 

which enters finally into Bazin’s formula, the formula being virtually 
made three formulas, first formula for then one for which 

involves and then one for which involves 

the reduction Experiments Nos. and pages 298 and 
299, the speaker understands the author’s use the English lan- 
guage correctly, curve has been plotted for the discharge the 
upper weir Bazin’s formula, given page 296, which contains the 
coefficient providing for velocity From author has 
taken value for the discharge. has then from that discharge 
computed the velocity approach, added the observed head the 
correction for the head due this velocity approach, taken the 
value for this increased head from the Bazin curve again, and 
says that generally two applications the process were sufficient. 
the speaker’s judgment, inasmuch each application was adding 
velocity head that did not belong there, seems that two applications 
should have been sufficient. Ifthe author desired determine the 
discharge for weir under this head with velocity approach, the 
correction should have been subtracted, not added. 

possible that the speaker has misunderstood the author’s 
method reduction, but has taken pains refer these statements 
several others, conversant with Bazin’s formula and with hydraulics 
general, and has been generally agreed that the language mis- 
leading, the process has not actually been so. That is, the language 
simply means that instead using the observed head which should 
have been used with Bazin’s formula, the head the Francis 
formula, was used, the result being that the computed discharge 
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pertinent enquire why, the author deemed correction for 
velocity approach necessary the upper weir, did not 
one the lower weir where the velocity was several times great. Now, 
course, granting that this mistake has been made, can possibly 
excused the plea lack familiarity with the French language, 
for itis often rather difficult convert foreign language into English 
and sure that every point brought out correctly, butit difficult 
excuse the statement page 299 that: Messrs. Fteley and Stearns 
have pointed out that for standard sharp-crested weirs the head should 
measured about ft. back from the crest,” when, turning the 
paper Messrs. Fteley and Stearns,* the following statement will 
found 


taken far enough stream from the weir represent the height 
the water surface above the beginning the surface curvature, e., 


distance from the weir equal times its height above the 
bottom the 


Our weir was ft. high. 

This brings quite properly the subject weir experiments 
general, and the discussion any hydraulic problem well 
back the beginning and find out how much really know 
about the thing hand. dealing with weirs with end con- 
tractions suppressed, and far experiments have gone upon weirs 
sufficient size compared with those which are discussed 
this paper, which the discharge over such weirs has been measured 
volumetrically, the entire series experiments embraced three 
investigations shown Table No. 


TABLE No. UPON END CONTRACTIONS 


SUPPRESSED, WHICH THE MEASURED VOLUMETRI- 
CALLY. 


Number 
Observer. experi- weir, feet.| weir, feet. Range head, feet. 


ments. 


James Francis.... 9.995 0.73620 1.0600 
Fteley and Stearns. 


will seen that Bazin’s first series included nearly many 
experiments those all the other investigators, and that, alto- 
gether, has given three times many determinations the 
flow over suppressed weirs volumetrically the others have. 


Transactions, Am. Soc. Vol. xii, 47. 


the standard weir Bazin’s formula made too large. may Mr. Williams. 


Henry Bazin.......... 3.72 0.194 
| 


Mr. Williams. 
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There important distinction between the methods measur- 
ing head Bazin’s experiments and the experiments the Amer- 
ican investigators. The latter adopted position for reading the head 
ft. stream from the crest the weir and about its level. Bazin 
read 16.3 ft. stream and the bottom the channel. The 
American experimenters took the water through opening 
the side, case more than sq. in. area, which communicated 
with pail which the surface was read hook gauge. Bazin 
used opening ins. diameter which communicated chamber 
built alongside his canal which the head was read hook 
gauge. Now, will realized once that expected that 
the velocity the water flowing toward the weir would greater 
the American position than would ft. further stream, and, 
any increase velocity head velocity means corresponding 
decrease pressure head, may expected that for the same obser- 
vation, the head were measured the American position, would 
appear lower for the same discharge than were measured 
Bazin’s position. Therefore, for given head, should expect that 
Bazin would show less discharge than would the American investi- 
gators. 

Some may inclined doubt the importance the variation 
position reading heads. Upon that point may said that 
some investigations carried last summer, the head was read directly 
the crest the weir means set the weir itself and 
communicating with the crest small openings apart. 
openings were about in. diameter, and were bored vertically the 
exact crest the weir, which was the section adopted the United 
States Board Engineers Deep Waterways for the proposed regu- 
lating weir Lake Erie, e., No. the author’s series. the 
time that these heads were read tape was tacked upon the wall the 
canal vertically the crest, that the top the sheet could read 
thereon the same time that the pressure the piezometer along the 
crest the weir was read. With head stream cm. the tape 
read cm. and the piezometer the crest read There the 
effect velocity upon thehead. The piezometer set the crest the 
weir read hardly more than half the depth water which was actually 
flowing over the weir that time, and there were, altogether, some- 
what the neighborhood thirty forty experiments involving the 
crest piezometer, may affirmed that this was not erratic obser- 
vation. 

may said further, that, since this condition exists, 
possible use such form weir Venturi meter, particularly 
when submerged, and there doubt that aseries coefficients fora 
weir the form the United States Deep Waterways Section might 
given such meter and would compare quite favorably, accuracy, 
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least, with the coefficients given the author for the various irregu- Mr. Williams. 
lar weirs. Time does not now into this its fullest extent. 

may said, however, that the crest submerged the difference 

bet ween the reading the piezometer and the tape decreases, but they 

not become equal 3-ft. heads, nor does the reading the piezo- 
meter the crest become equal the depth submergence within 
submergences ft. Now, said above, Bazin’s formula should 
expected give the higher head for given discharge lower dis- 
charge given head than those the American investigators; but 
when Bazin’s formula applied the experiments the American 
investigators, which the discharge was measured, universally gives 

higher discharge than was observed. When the American formulas 

are applied the American experiments they fit but when 

they are applied Bazin’s experiments they give lower discharge 


than was observed. When apply Bazin’s formula his own experi- 
ments, fits most excellently. 


TABLE No. OBSERVATIONS AND 
SUPPRESSED WEIRS. 


WEIR. OBSERVATION, DISCHARGE 

5.. 4.999) 3.56 || 0.4569 5.199 5.162 5.326 
Excess Bazin’s formula over Fteley measurement for 1.4546, 
1 “ “ “ Francis h = 0. 9760, 1.07% 
5 “ “ “ “ h 0.4569, 2.44% 
6 “ “ “ h = 0.9794, ** 2.390% 
“ h = 0. 5644, “ 2. 44% 
9 “ “ “ “ “ h = 0. 5332, 3.0997 


Now, what the meaning this? Either Bazin had different 
kind water from that which the American experimenters had, 
one the other has done the better work. The question comes home 
once: Which? Bearing upon this point criterion has been applied, 
the best that has occurred the speaker thus far, determine whether 
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the experiments the several investigators were homogeneous 
themselves; that is, whether they would coincide whether they would 
show erratic variations from one side the other some mean. The 
criterion was take the measured Q’s and from them derive 


which, when plotted abscissa with the observed head 
ordinate, would give straight line were constant. course, 
since not constant, but increases with the head the higher heads, 
does not give straight line, but the variation not great for the 
range the experiments. That criterion showed clearly that the 
results the experiments were homogeneous themselves, and indi- 
cated high degree relative accuracy. That is, ifone was right 
the other was right the same series. Pains were then taken 
particularly the arrangement which the quantity was measured, 
and the conclusion has been that the devices used Mr. Francis and 
Messrs. Fteley and Stearns for starting and stopping the flow and 
also for determining the height water the measuring basin were 
more delicate, and capable more accurate work than were those 
Bazin, that, patriotism aside, seems that greater confidence may 
reposed the observations Mr. Messrs. Fteley and 
Stearns than those Mr. Bazin, although the latter has madethree 
times many the others. already stated, the Francis formula 
gives results below Bazin for the lower heads, but the discharge curves 
the two formulas cross head about 1.4 ft. weir ft. high, 
and above that Bazin gives lower discharges. Comparing the Francis 
formula with the discharges observed Fteley and Stearns the 
higher heads there some evidence that the Francis formula 
low results with such conditions, and therefore seems that Bazin’s 
formula probably this account the less accurate the high 

Whether not all wish agree with the deductions the 
effect velocity approach velocity past the openings and 
the relative reliability the work the various investigators, they 
will probably agree that Bazin’s formula used, the head 
should measured Bazin measured it, and the Francis formula 
used, the head should measured Francis measured it. 
But the question naturally arises, what difference does make? 
few days ago the speaker had the privilege performing some experi- 
ments see what difference made whether the head was measured 
one way another. The weir question was decimal over 
ft. length. Its height was 5.85 ft. above the channel approach. 
End contractions were suppressed. point 10.3 ft. stream 
from the weir there was pipe, internal diameter, set ft. above 
the bottom the channel approach, transversely the direction 
flow. pipe was perforated its bottom with holes about in. 
diameter every ins. its length. One end this pipe was con- 
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which was set recess the wall point about ft. stream Mr. Williams, 
from the weir. the other side the channel approach was 
similar recess. Thistransverse pipe was device which was ordinarily 
used for measuring the head upon this weir, which, may said, 
incidentally, somewhat important one. result the investi- 
gations Cornell, the reliability measurement taken that way 
was questioned; and, order that there might mistake the 
important work which was hand, the plate which formed the side 
the recess the opposite side the canal was tapped through 
point ft. from the crest the weir and 0.35 ft. belowit, and iron 
pipe screwed in, the face which was filed off flush with the side the 
channel. wooden plug was then driven into the pipe and smoothed 
off flush; }-in. hole, perpendicular the side the channel, was 
bored, thereby nearly reproducing the device used Mr. Francis and 
Messrs. Fteley and Stearns. The transverse pipe was connected 
through the side the canal second hook-gauge pail the same 
chamber. The hook-gauge pail was removed, and its stead was con- 
nected one two glass tubes inside diameter, which were 
mounted rigidly board front common scale, divided 
2-millimeter divisions. The other tube was connected the new, 
what will designated the Francis, piezometer. Two portable 
hook gauges were then clamped the crest the weir, and the water 
was raised within about in. the crest, and measuring from 
the crest with the portable hooks the reading the scale and the 
permanent hook gauge for the crest the weir, were determined 
water level, that there might mistake the setting the 
instruments. 

series investigations was then made determine whether 
the tube which was connected the transverse piezometer read 
correspondence with the hook gauge, and was found with 
remarkable constancy for wide range head, the difference being 
that the tube showed continuously about 0.003 ft. more head than 
the hook. was therefore considered that any difference which 
appeared the readings the two glass columns would show the 
difference head the two piezometers. Omitting further detail, 
was found that low heads the transverse piezometer read high, 
and that high heads read low, and with head ft. over 
the weir made 2}% difference the discharge whether the reading 
was taken the Francis piezometer transverse piezometer, the 
discharge the Francis piezometer being greater than the 
transverse piezometer. That will give idea the importance, 
using any formula, measuring the head was measured 
the formula was devised. the head measured some other 
the formulas may may not apply. Unfortunately, Cornell, 
provision was made the construction the plant for measuring the 
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head upon the standard weir either the recognized methods. 
was, therefore, necessary resort some other means, and, without 
knowing positively what the result would be, the transverse piezo- 
meter, which has been described the author, and which coincides 
quite closely with that the weir, which has just been discussed, was 
adopted. There was some suspicion when was put that might 
lead trouble, and was expected that such checks could made 
the work went along detect such error once should 
occur. But the great pressure which was brought bear hurry the 
experiments, and the other duties which were demanded the investi- 
gators, prevented the working those experiments, even the first 
them, until the series was nearly completed. Then became apparent 
that there was something wrong with the piezometers, and, accordingly, 
there was set, alongside the one the lower weir, another, which was 
flush with the bottom the channel approach, and which probably 
coincided quite closely with Bazin’s opening the side the canal 


the bottom, although, course, did not coincide exactly. was 


then found that, the highest heads used, the difference head, 
measured the two piezometers, amounted about cm., about 
0.3 ft., which means considerable the discharge the weir. The 
author has given, page 305, correction curve which applies 
these experiments, and which probably the best that could done 
under the circumstances. The discovery such errorat the lower 
weir led once the conclusion that there must something the 
matter with the piezometer the upper weir also, but time did not 
permit investigation previous the completion the series ex- 
periments described. the speaker was, the close this investiga- 
tion, requested the Board Engineers Deep Waterways 
continue the work investigation the discharge over the 
Section, so-called, Section 19, rounded crest 
with up-stream slope, various degrees submergence, and also 
with free discharge, gave opportunity make some further investi- 
gations upon the foregoing question, and order measure the head 
another way the standard weir three pipes were set longitudi- 
nally, that is, parallel the directioh the flow the water 
point ft. above the bottom the canal and ft. stream from the 
weir and with their down-stream ends projecting about ins. down 
stream from the plane the old up-stream transverse piezometer. 
These pipes were ft. long, in. diameter, nominally, and were 
perforated for ft. their down-stream end with holes the quarter, 
that there was around the pipe ring holes in. apart for 
distance ft. lowerend. These pipes were connected together 
the down-stream end, the up-stream end being plugged. 
pipe connection, similar those the transverse piezometers, was 
carried through the bulkhead, that they might connected one 
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side the tube gauge. The reason for adopting this type piez- Mr. 
ometer was that Mr. FitzGerald* records that investigated the head, 

when measured pipes, device this sort which the perfor- 

ated pipe laid upon the bottom the large pipe, comparison 

with the head given piezometer consisting chamber sur- 

rounding the pipe and communicating with holes plane 

right angles the axis the pipe, and found that there was appar- 

ently difference. that the strength those experiments 

was ventured assume that this would probably give correct read- 


correct reading head. About experiments were made and they 
showed, the highest heads observed, little over ft., that there 
was difference cm. the head read the transverse piez- 
ometer and read the longitudinal piezometer, the new longi- 
tudinal piezometer giving head cm. higher than did the old 
up-stream transverse piezometer. soon these data were 
obtained memorandum it, sufficient locate correction curve, 
was furnished the author, who, however, decided reject the 
readings the up-stream piezometer and adopt those 
middle one, which was ft. back from the weir. Now, 
taneous observations the middle piezometer and the up-stream 
piezometer, and having series comparing the new piezometer 
the up-stream piezometer taken through the later investigation, the 


straight line angle 45° with the axes which the heads were 

laid off, and with this the old transverse up-stream piezometer andthe 
middle piezometer ere plotted. The differences could not detected 
and the old upper was the latter being low 
points. The curve the middle piezometer started above the longi- 
where was about cm. high, and then dropped rapidly, appearing 
cross the longitudinal piezometer about 3.3 ft., after which would 
read low. Now, course, cannot affirmed that the new piez 
ometer correct one use with Bazin’s formula, but, view the 
experiments Mr. FitzGerald the Rosemary Syphon, and view 
the comparison the tube gauge the transverse piezometer and 

the Francis piezometer seems safe infer that the new piezometer 

the best one use for the heads this weir, nearly correct 

anything that have. Furthermore, was discovered that the 

head, given the new longitudinal piezometer, was much more 

steady and there was less vibration, less change and less 
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whole subject, attempt was made determine whether the manner 
opening the gates, the way which the water was admitted 
the chamber, would have any effect the correction, and that end 
all the head gates were opened short distance, allowing the water 
enter the bottom the chamber and over the weir. Then, 
times, only two gates were opened, and they were opened wide, that 
the water would enter from the bottom clear the middle the 
height the weir, but, with the maximum variation flow which 
was possible obtain, there was appreciable difference the 
reading the two piezometers, that assumed that the correc- 
tions which were determined are probably reliable could 
determined with the apparatus used, which the heads were read 
divisions Now, applying these corrections Experi- 
ments Nos. and 21, and applying Bazin’s formula without the correc- 
tion for velocity approach, appears that for heads the standard 
weir running cm., which means head the lower weir 
about ft., that is, long the head the lower weir was within 
the range Bazin’s investigations, the difference the discharge, 
given the two weirs, less than per cent. fact, for heads 
the lower weir from little less than ft. about ft., the differ- 
ence less than per cent. But, soon the head gets above that 
point the discharges depart very rapidly, the lower weir showing the 
higher discharge; and the variation ranges from nearly per 
cent. 


TABLE No. SIMULTANEOUS DISCHARGE OVER UPPER 


Percentage 
ft. long, 13.13 ft. high. 6.56 ft. ft. high. excess 
lower 
ment No. 
upper 
Transverse meters per Flush meters per 
Piezometer. Piezometer.| second. Piezometer. 
12.075 12.28 0.3998 22.7 0.4053 +1.37 
21,294 21.65 0.9133 39.419 0.9214 +0.886 
24.16 1.0720 44.000 1.0915 1.820 
80.16 1.4900 55.213 1.5456 
29.7 80.22 1.4945 55.128 1.5436 
87.487 2.0805 2.1440 3.052 
43.812 44.22 2.6280 80.566 2.7772 5.677 
58.110 59.00 4.4800 4.2645 
72.710 5.7300 130.286 5.9582 
79.565 81.69 6.8881 +4.041 
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view the conditions existing during the experiments does Mr. Williams. 


not seem possible that the flow into the canal between the two weirs 
could have exceeded the leakage from the lower gates. other 
words, appears clearly impossible that more water passed over the 
lower than over the upper weir this account; and yet, according 
the observations and formula, there excess about the 
discharge the lower weir, accounted for the high heads. 
noted, however, that the observations high heads were taken 
general from high low, and the gauges were only read 
2-mm. divisions, quite possible that the canal surface may have 
been falling when appeared the observer stationary, and 
hence somewhat greater discharge have passed the lower than the 
upper weir. 

portion the excess possibly may accounted for, that is, 
about 0.6 1%, the narrowing the notch the lower weir due 
the pressure the water the canal sides. was contracted 
toward its top shghtly. That was not measured accurately. But 
such measurements were made went show that about ft. from 
the top the was contracted nearly This would make 
difference about 0.6 the discharge the higher heads. But 
that falls far short accounting for all the difference. Mr. Wisner, 
his discussion, has suggested that the effect the side walls may very 
properly considered have something with this condition, 
and the extreme roughness the sheet passed over the lower 
weir the high probably explain what remains. 

later investigation happened that there was obtained, inci- 
dentally, some notion the effect such roughness. There 
happened repetition two experiments which the experimental 
weir remained the same condition, while the standard weir there 
were additional baffles between the two experiments, that the 
second case the water approached the weir much more smoothly than 
the former. appeared that with such roughness existed the 
standard weir, with heads about ft. before smoothing, there was 
about cm. more head required deliver the same quantity water 
than with the smoother approach. That say, the water 
approaches the weir with high commotion higher head will re- 
quired discharge given quantity than when the approach 
smooth. The commotion the standard weir, the later experiments, 
was not compared with the commotion the lower weir the 
case the high heads. the latter, and next the wall, there was 
roll, then came three crests and depressions, the bottom the de- 
pressions being sometimes nearly ins. below the crests. seems, 
therefore, tha twhen proper correction made for the effects 
the roughness, the two weirs would come quite closely together. 
course, this reduction which has been made simply applying 
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Mr. Williams. TABLE No. 


[Papers. 


Upon Various FoR UNITED 


Weir and 
Obs. 
Cm. Cm. 
2.| 59.205 60.10 
29.061 29.50 
2.| 72.707 
3.| 58.210 59.10 
43.714 44.15 
5.| 29.449 29.90 
14,81 
4.) 42.114 42.48 
5.| 30.342 30.76 
G= 71.) 87.514 90.28 
72.700 
3.) 57.998 58.84 
44.19 
2.| 71.970 
57.854 58.66 
48.958 44.36 
5.| 28.804 29.20 
2.| 72.307 73.7 
57.702 58.51 
44.050 44.45 
5.| 29.404 29.82 
75.05 
3.| 59.154 60.05 
4.| 45.168 
80.090 30.48 
2.) 74.006 75.61 
3.| 58.592 59.48 
44.270 44.69 
30.540 
2.| 57.89 58.71 
44.23 
4.| 29.40 29.80 
2.| 59.09 
48.71 44.16 
29.396 29.80 
5.| 14.982 15.21 
72.59 
58.018 58.90 
44.18 
29.156 29.57 
14.442 14.66 


STANDARD WEIR, 
13.13 


(4) 
Dis- 
charge. 


Cu. met. 


1,4420 


7.7040 
5.7200 
4.0580 
2.6210 
1.4715 
0.5227 


7.6470 
5.8155 
2.4675 


7.7080 
5.7200 
2.6240 


5.6320 
4.0120 
2.6420 
1.4210 


7.6660 
5.6675 
2.6495 
1.4660 


4.1610 


5.8930 


EXPERIMENTAL WEIR, 6.56 Lona. 


(5) (6) (7) 
Description. 
170.00 up-stream slope, 8-in. flat 
110.00 crest; height weir, 4.91 ft. 
52.42 
166.45 up-stream slope, 8-in. flat 
129.889) 137.58 crest; height weir, 4.91 ft. 
80.12 
52.85 
27.82 
146.70 up-stream slope, 8-in. flat 
123.00 crest; height weir, 4.90 ft. 
95.72 98.80 
50.02 50.65 
142.75 up-stream and 2to1 down- 
119.20 stream slopes, 8-in. flat crest; 
96.72 height weir, 4.895 ft. 
144.00 with }-in. mesh in. 
120.50 wire-cloth netting up- 
74.35 
49.77 
123.00 stream slope, 4-in. flat crest; 
99.62 height weir, 4.94 ft. 
51.00 
153.82 faces, 2.62-ft. flat crest; 
106.66 110.98 
85.57 87.99 
140.010 149.15 with radius 
121.39 127.7 quarter-round added up- 
105.60 stream corner. 
82.52 
58.80 
154.55 faces, 6.56-ft. flat crest; 
height weir, 4.56 ft. 
66.30 
111.67 116.60 
86.019, 88.52 
60.02 
157.05 |Rexford Flats Model; height 
124.720 weir, 4.53 ft. 
105.40 
54.25 
28.05 


| 
| 
2.6690 
1.5485 
5.7150 
4.0180 
2.6300 
1.4645 
5.7100 
4.0550 
2.6220 
1.4645 
0.5445 
7.6600 
5.7010 
40378 
2.6230 
1.4470 
0.5150 
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TABLE No. 8—(Continued). 


STANDARD 


13.13 Fr. EXPERIMENTAL WEIR, 6.56 

Weir and 

No. (2) (5) (6) (7) 

Cm. Cm. Met. Cm. Cm. 

58.31 59.18 4.0660 102.55 stream slope; height weir, 

3.) 71.992 | 78.40 | 5.6825 Cor- | 125.693 

4.) 57.536 58.38 3.9810 rect 100.766) 

| rea 


Bazin’s formula the two weirs and computing discharge for weirs 
that height according his formula without any further corrections 
whatever. time these investigations were begun was said 
the Board Engineers Deep Waterways that could give 
them results within accuracy they would abundantly satisfied. 
the speaker’s opinion, the results come within that range. 
would not The Hydraulic Laboratory Staff has performed 
experiments since that time, connection with the Croton Water-shed 
investigations, which come far nearer accuracy than but, far 
those which are given the paper are concerned, itis very 
able they can depended upon within less than per cent. Now, 
appears the speaker—it may notion which peculiar— 
that presenting the results investigation this kind this 
Society, putting the observations upon record, forever were, 
most proper present them first nearly possible they were 
taken, keep quite distinct the data which are facts and the data 
which are conclusions, present the experiments they were made 
with little reduction possible, that the future the investi- 
gator may determine for himself, the light such new knowledge 


Mr. Williams. 
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may then have, just what reliability put upon the ob- 
servations, and what lessons are drawn from them. 

The speaker would criticise the author for having presented here 
paper which practically all reduction, and there getting be- 
hind his returns, whatever may discover the future the flow 
over weirs. far the this paper are concerned, there 
little that can back and make rigid comparison with. That 
which has been presented deduced from computed discharge 
the standard weir, which has been shown fundamentally 
error. then follows that the whole array coefficients and 
coefficient curves pages 272 289, inclusive, are similarly error 
and therefore correspondingly reduced value. This error probably 
ranges from zero to3 per cent. 

Fig. there the following note: The correction for Velocity 


Head used Reducing the Experiments Effect Equiva- 


lent 1.33 for position Piezometer 6.0 Ft. Back 


Weir.” Upon what authority this statement made the speaker 
unaware, but there are any data upon which statement can 
legitimately based regretted that the author did not give 
reference thereto. far the Cornell experiments are concerned, 
there nothing lend support such assertion, and until some 
facts are brought support it, itis only entitled consideration 
rather positively expressed opinion, which, the speaker’s opinion, 
contrary fact. 

order that the results this investigation may properly 
record, Table No. presented, which Column gives the number 
the experiment its proper series; Column gives the observed 
head the standard weir; Column this head corrected that read 
the longitudinal piezometer ft. stream from the weir and ft. 
above the bottom the channel approach; Column the discharge 
per cubic meters, Bazin’s formula, 

length crest 4.8768 ft.; Column shows the head simul- 
taneously observed upon the experimental weir the up-stream 
transverse piezometer; and Column this head reduced the flush 
piezometer, the head observed upon the flush piezometer. heads 
given are the means those observed during the time the experi- 
ment. These heads have been recomputed from the original field 
notes. 

Series and (Nos. and the author), have been omit- 
ted, the results being too questionable warrant insertion with the 
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others, and (author’s No. considered quite possibly 
inaccurate. The crests the experimental weirs were approximately 
2m. 6.56 ft. long. 

While the absolute values determined this investigation may 
considerably astray, because uncertainty, within least the 
quantity water passing the standard weir, the relative discharges 
the several experimental weirs are great interest, and Plate 
the discharge curves several the types are shown, these curves 
being based upon that the 16-ft. standard weir computed Bazin’s 
formula. These weirs were all approximately the same height, 
the range being from 4.6 5.3 ft., that from the plate one may 
readily see the effects upon the discharge caused crests various 
forms. 

will noted that the discharge curve the experimental sharp- 
edged weir divides the upper group curves about halves, those 
weirs whose curves fall above giving less discharge for given 
head than does the sharp-edged weir. 

One very interesting point the behavior broad flat crests. 
seen they give, the lower heads, much less discharge than the 
standard, but, shown and already pointed out Messrs. 
Fteley and Stearns, and Bazin, when the head reaches point 


the sheet jumps from the up-stream edge clear nearly clear 


the down-stream corner, and the space between the sheet and crest 
becomes filled with eddying water, the discharge very notably in- 
creased; much the case that exceeds that the sharp- 
edged weir 4.5 ft. head. The curves Mand show the increase 
discharge due building 4-in. radius, quarter round, the 
up-stream corner and this rounded edge adding over 11% the 
discharge 4-ft. head both cases. 

The effects long and short back up-stream slopes are shown 
radius round crest. stated Bazin, when the inclination 
the up-stream face the weir with the top down stream, the ten- 
dency suppress the contraction the sheet goes over the 
crest, and thereby increase the discharge, but the up-stream slope 
too gradual, the frictional resistances along may sufficient 
counteract the gain discharge from suppression contraction. 
This appears the case with and and, low heads, with 
when the curved crest partakes the nature long slope. 
higher heads the back-slope becomes effective and the discharge 
increases above that the standard weir. From the upper curves, 
the weir appears have the maximum discharging capacity, but 
this seems part due the fact that the entry air under the 
discharging sheet was restricted with it, but not with the others. The 
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later experiments upon the United States Deep Waterways Section, 
ft. long and shown with the 16-ft. standard weir the two 
lower curves the plate, wherein air was not admitted under the sheet, 
gives very nearly the same discharge head, both giving over 
11% more than the sharp edge. The difference between curves 
and shows the effect adding wire-cloth the up-stream face 
the weir Some later experiments indicate that the difference 
discharge between crest dressed pine and one rongh 
mesh wire-cloth will hardly amount to3 per cent. 

During this investigation, the suggestion Mr. George Wisner, 
side the flume the lower weir was marked off into squares, 
were lettered and numbered that the line the surface 
the approaching and discharging water upon the side the flume 
could read probably within 0.05 0.10 ft. During all but the 
first two experiments these squares were read, and from these readings 
eight the most characteristic profiles the surface curves, shown 


Figs. and 22, have been plotted. 


Comparing and the effect the rounded corner readily seen 
the reduction contraction the up-stream corner, particularly 
the lower heads. The influence the back slopes seen com- 
paring Qand regretted that the readings were not 
continued stream the beginning the surface curvature, which, 
some cases, was lost the rapid the throat the flume, ft. 
from the crests. From some the experiments upon the effect 
contractions pipes seems very probable that this contraction may 
have seriously affected the discharge, and future similar experiments 
would seem well remove much farther from the weir nullify 
its effect with baffles. 

The weir has peculiar discharge curve. low heads the flow 
chiefly influenced the up-stream slope giving high dis- 
charge, but the head increases point reached where apparently 
the slope the apron, not sufficient maintain the velocity 
necessary free the crest, and the discharge decreases relatively 
that sharp-crested weir, the whole weir partaking, apparently, 
the nature broad flat crest. 

For the form crest represented the Croton experiments, 
upon large-sized model quite similar this, indicate that the dis- 
charge partakes the nature that the flat crest under high heads, 
the water between the crests the old and new dam reducing the 
friction across the top, and thus producing permitting discharge 
slightly greater than that sharp edge, rather than giving one 20% 
less, assumed the author comparison with the observation 
crest This point can way considered reflection upon 
the judgment the author, these data were not available the 
time made his estimates, and the matter only presented indi- 
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cate how far one may astray these questions, unless exact infor- Mr. Williams. 
mation has been obtained the specific form considered. 

One the most important facts brought out the past year’s 
vestigations the Cornell Hydraulic Laboratory has been the 
tion vacuum more less perfect behind the falling sheet when air 
not freely admitted. With weir ft. high, the United States Deep 
Waterways Section, head 1.5 ft. has been observed raise water 
behind the sheet height ft. above the level the lower pool, 
jand with weir ft. high and 2-ft. head the water behind the sheet 
has stood ft. above the level the lower pool. The bottom boards 
the plank aprons have been torn off frequently the suction 
the falling sheet the toe the dam. The possibility vacuum 
upon the down-stream face dam has, far the speaker 
aware, never been considered the design such structures, but the 
pulling off the granite facing the down-stream side the Austin 
Dam, while that the crest remained practically intact, and other in- 
stances that have been reported similar phenomena, seems indi- 
cate that there was very decided suction there the occasion its 
failure. This teaches that the design spillways, the practice 
conforming them the curve the sheet, order obtain smooth 
and compact overfall, should reversed, and every precaution taken 
prevent the sheet reaching the foot the dam compact mass. 

conclusion, the speaker would acknowledge his great indebted- 
ness for the very valuable services his colleague, Mr. Mott, 
the reduction and preparation the data herein referred and 
presented, and also assisting observing, under very trying condi- 
tions, during many the later experiments. 
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MINUTES MEETINGS. 


THE SOCIETY. 


June 6th, 1900.—The meeting was called order 8.50 
Vice-President Robert Cartwright the chair; Charles Warren Hunt, 
Secretary, and also, members and guests. 

The minutes the meetings May and 16th, 1900, printed 
Proceedings for May, 1900, were approved. 

paper entitled Proposed Method for the Preservation 
Timber,” Kummer, Jun. Am. Soc. E., was presented 
the author. 

The subject was discussed Messrs. Deghuée, 


Robert Cartwright, Nichols, Skinner, Henry Goldmark 
and the author. 
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Ballots were canvassed and the following candidates declared 
elected: 
MEMBERS. 


Epwarp Los Angeles, Cal. 
PEARSON Wiscasset, Maine. 

Lams, New York City. 

Epwarp Hervey Chicago, 

Epwin Pittsburg, Pa. 

Frank Toledo, Ohio. 

Harry Michipicoten Harbor, Ont. 


MEMBERS. 


ALEXANDER Baltimore, Md. 
Martin Jr., Canyon Ferry, Mont. 
JAMES Herrick, Flushing, 
Van Norman Tientsin, China. 
Morris Liverpool, Eng. 
Davis Butte, Mont. 
The Secretary announced that the following candidates were elected 
the Board Direction, June 5th, 1900: 


ASSOCIATES. 


St. Louis, Mo. 
ALEXANDER Ross Sing Sing, 


JUNIORS. 


Henry Wethersfield, Conn. 
Freperic Riverside, Cal. 
CHARLES FREDERIC Durango, Mexico. 
FREDERICK Scuwiers, New York City. 


The Secretary announced the death the following Members: 
Norman Eayrs, elected Member June 3d, 1885; died May 13th, 
1900. Marc elected Member December 1898; 
died May 26th, elected Member July 
3d, 1878; died May 29th, 1900. 


Adjourned. 
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THIRTY-SECOND ANNUAL CONVENTION, HELD LONDON, 
ENGLAND. 


response the invitation the Institution Civil Engineers, 
the Thirty-second Annual Convention the Society was held the 
House the Institution, Great George St., Westminster, W., 
London, England, during the first week July, 1900. 


Monday, July 2d, 1900.—Sir Douglas Fox, President, Inst. E., 
addressed the American engineers, assembled the Library the 
Institution. John Wallace, President, Am. Soc. E., briefly 
responded and introduced Haines, Am. Soc. E., who 
responded for the Society. Mr. Jesse Smith spoke for the Amer- 
ican Society Mechanical Engineers. 


First Session, Monday, July 2d, 1900.—The opening meeting was 
held the afternoon; President John Wallace the chair; Charles 
Warren Hunt, Secretary. 

The President delivered the Annual Address. 

motion Sir Douglas Fox, Cor. Am. Soc. E., seconded 
Desmond FitzGerald, Past-President, Am. Soc. E., vote 
thanks the President for his Address was unanimously passed. 

Adjourned. 


Second Session, Monday, July 2d, 1900.—The Society was called 
order President John Wallace the chair; Charles 
Warren Hunt, Secretary. 

The President announced the subject for discussion, follows: 

Height Buildings: What considerations should limit the 
height buildings? recent developments construction, sanita- 
tion, intercommunication and economy administration, warrant the 
removal all 

The Secretary presented discussion Corypon Purpy, 
Am. Soc. E., illustrated lantern slides. 

The Secretary also presented written discussion 

The subject was further discussed by: 


Sir ALEXANDER Inst. E., Chief Engineer, 
London County Council. 
Inst. E., Architect, London County Council. 
Adjourned. 
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Third Session, Tuesday, July 3d, 1900.—The meeting was called 
order President John Wallace the chair; Charles 
Warren Hunt, Secretary. 

The President announced the subject for discussion, follows: 

Practice Rails: The progressive increase weight; the 
increase hardness, particularly carbon; the sections most gen- 
eral use; the effect changes weight, composition and section.” 

The subject was introduced Hunt, Am. Soc. E., 
who was followed by: 

Am. Soc. Mech. Eng. 

Inst. E., Engineer, Argentine Great 
Western Ry. 

The President announced the next subject for discussion, fol- 
lows: 

Filtration Water for Public Use: The several processes now 
used for the removal objectionable matter; their comparative sani- 
tary effect, cost and reliability.” 

The subject was introduced Vice-President, 
Am. Soc. E., who was followed by: 

Further discussion this subject was postponed until Thursday, 

July 5th, 1900. 


Adjourned. 


Fourth Session.—At the close the Business Meeting, Thursday, 
July 5th, 1900.—Vice-President Hering the chair; Charles Warren 
Hunt, Secretary. 

The chair announced the resumption the discussion 
tion Water for Public Use.” 

The following gentlemen presented their views: 


Dr. London. 

Henry Davey, Inst. 

Dr. Kemna, Antwerp. 


Adjourned. 
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BUSINESS MEETING.* 
Thursday, July 5th, 1900.—The meeting was called order 


President John Wallace the chair; Charles Warren Hunt, 


Secretary. 

The reading the minutes the meeting June 6th, 1900, was 
dispensed with. 

The Secretary reported the result circular relat- 
ing nominations for Members the Nominating Committee, the 
report each district being given separately. 

The following members were elected the meeting: 


The Secretary reported the result interrogatory circular 
issued secure the views the membership the time and place 
for holding the Annual Convention 1901. 

motion, the matter was referred the Board Direction, with 
power. 

Ockerson, Am. Soc. E., presented request from the 
members resident St. Louis, Mo., that the Annual Convention 
1903 held that city, during the proposed World’s Fair. 

motion, the matter was referred the Board Direction. 

The following proposed Amendment the Constitution was con- 
sidered: 


Amend Article follows: 


Section out this section and substitute the 
following: 


the Annual Meeting each year, seven Corporate Members, 
not officers the Society, one from each the geographical districts, 
shall appointed the meeting serve for two years; who, with 
the five living last Past-Presidents the Society, shail committee 
nominate officers for the Society. 

The Board Direction may prescribe the mode procedure for 
appoining this Committee. 

Committee appointed shall meet the Annual Convention 
the Society, and nominate candidates fill the offices, named 
Article provide, withthe officers holding over, Vice-Presi- 
dent and six Directors residing District No. and twelve Directors 
divided equally, with regard number and residence, among the 


The report full will published later number Proceedings. 
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list nominees for the offices filled the next Annual 
Election shall presented the Committee the Board Direction 
within ten days after the nominees have been selected.” 


The proposed amendment was not amended the meeting. 
J.A. Ockerson, Am. Soc. E., moved the following: 


Resolved, That the American Society Civil Engineers, Con- 
vention assembled, sends its cordial greeting the Société des Ingén- 


ieurs Civils France, and expresses its hearty thanks for the warm 
reception accorded its delegates Paris.” 


The resolution was carried unanimously. 

Rudolph Hering, Vice-President, Am. Soc. E., moved that the 
President requested appoint Committee draft appropriate 
resolutions thanks the Institution Civil Engineers and the 


various other corporations that have generously entertained our 
members this Convention. 


The motion was adopted unanimously. 
The meeting then adjourned. 
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THE BOARD DIRECTION. 
(Abstract. 


June 5th, Board met m., Vice-President Alfred 
Noble the chair; Charles Warren Hunt, Secretary, and present also 
Messrs. Cartwright, Deyo, Knap, Morison, O’Rourke, Ricketts, Schnei- 
der, Turner and Whinery. 

The President was authorized appoint delegates from the Society 
held Paris. 

The President, response invitation from the President 
the Société des Ingénieurs Civils France, appointed seven delegates 
represent the Society the Reunion Scientific and Technical 
Societies. 

was resolved that the next meeting the Board held Sep- 
tember 11th, instead September 4th, 1900. 

Applications were considered and other routine business transacted. 

Two candidates for Associate and four for Junior were elected. 


Adjourned. 


July 5th, meeting the Board Direction was held, 
required the Constitution. President John Wallace the chair; 
Charles Warren Hunt, Secretary, and present, also, Vice-President 
Rudolph Hering. 

quorum not being present, the meeting adjourned. 
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EXCURSIONS AND ENTERTAINMENTS, DURING THE WEEK, 
THE INSTITUTION CIVIL ENGINEERS, AND 
PARTICIPATED MEMBERS THE 
AMERICAN SOCIETY CIVIL 
ENGINEERS. 


Tuesday, July 3d, 1900.—The party left Paddington Station, 
special train, 2.50 arriving Windsor Castle 3.30 

The Castle and Grounds were then inspected, Her Majesty the 
Queen having graciously allowed the visit. 

direction the Queen the party was served with refreshments 
the Orangery, and later Her Majesty drove out toa point where the 
entire party was assembled, and Sir Douglas Fox, President the Insti- 
tution, was presented Lord Edward Pelham-Clinton, Master the 
Household. Sir Douglas Fox then presented Her Majesty, Sir 
William Henry Preece, B., Past-President, Inst. E.; Mr. 
Charles Hawksley and Mr. Francis William Webb, Vice-Presidents; Mr. 
John Wallace, President, Am. Soc. E., and Mrs. Wallace; Mr. 
Charles Morgan, President, Am. Soc. Mech. Engrs., and Mrs. 
Morgan. 


The return was made special train, arriving London 


Thursday, July 5th, 1900.—9 There was held Reception 
the President and Council the Institution, the Ancient Guild- 
hall (by special permission the Corporation London). This 


entertainment was magnificent its proportions, 500 persons being 
present. 


Friday, July 6th, 1900,—The day was devoted excursion to. 
Warwick Castle and Stratford-on-Avon, special train leaving Pad- 
dington Station The visitors were received the Earl and 
Countess Warwick, who personally conducted them through their 
beautiful Castle and Park. Luncheon was served marquee the 
grounds. The special train then took the party Stratford-on-Avon, 
where Shakespeare’s House, Stratford Church and the Memorial 
Theatre were inspected. London was reached 7.20 
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ATTENDANCE THE THIRTY-SECOND ANNUAL CONVENTION. 


following persons connected with the Society were 
attendance, accompanied members their families. The 
Society meetings were also attended many members the Institu- 
tion Civil Engineers, American Society Mechanical Engineers 


and other visiting engineers. 


Abbot, Fred. W...... New York City 
Baker, Sir Benjamin .London, Eng. 
dames London, Eng. 
Betts; Chattanooga, Tenn. 
New York City 
..... Waterbury, Conn. 
Church, George E..... London, Eng. 
Compton, A.G....... New York City 


Davis, Arthur P..Washington, 


Flad, Edward.. .....St. Louis, Mo. 


Fox, Sir Douglas.. ... London, Eng 

Fuller, George ....New York City 
Gleim, ....Hamburg, Germany 
Goad, E...... Toronto, Ont Can. 
Bangor, Me. 
New York City 
Hering, Rudolph..... New York City 
Hilgard, E...Zurich, Switzerland 
Hodgdon, Frank W....Boston, Mass. 
Hunsiker, Millard..... London, Eng. 
Hunt, Charles W..... New York City 


Hunt, Robert W........Chicago, 


Johnson, Lewis ..... Steelton, Pa. 
Jones, Washington. Philadelphia, Pa. 


King, PaulS..... York City 


Llewellyn, J..Minneapolis, Minn. 


Manley, Henry........ Boston, Mass. 
Merburg, Edgar....Philadelphia, Pa. 
Maxim, Hiram .... London, Eng. 
Melvin, N...Linoleumville, 


Miller, Spencer....... New York City 
Millis, John..... Willets Point, 
Moncrieff, M...... Eng. 
Ockerson, St. Louis, Mo. 
New York City 
Parsons, New York City 
Perrilliat, Arséne..New Orleans, La. 


Reynders, W..Harrisburg, Pa. 
Robinson, W....Milwaukee, Wis. 
Ruddle, John ...Mauch Chunk, Pa. 
Ryder, T..New Haven, Conn. 


Sawyer, Edward...... Boston, Mass. 
Scott, Addison W.Va. 
Smith, Hopkinson .New York City 


Stauffer, McN..... New York City 


John.......New York City 


Van Sant, ......St. Louis, Mo. 


Wallace, John F........ Chicago, 
Sydney, N.S.W. 


Webster, William Philadelphia, Pa. 
Wiley, William H....New York City 
Woods, Newton, Mass. 


Yeatman, London, Eng. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


MEETINGS. 


Wednesday, September 5th, 1900.—A regular business meeting 
will held. Ballots for membership will canvassed, and paper 
Elwood Mead, Am. E., entitled, Irrigation Studies,” 
will presented for discussion. This paper was printed the May 
number Proceedings. 


Wednesday, September regular meeting will 
held, which will presented paper Montony, Assoc. 
Am. E., entitled ‘‘The Ninety-Sixth Street Power Station 
the Metropolitan Street Railway Company, New York City.” This 
paper printed the current number Proceedings. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(May 9th August 7th, 1900.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the, address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. 257 South 
Fourth St., Philadelphia, Pa., 

Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa., 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

treal, Que., Can. 

(6) School Mines 
Univ., New York City, 

(7) Technolo Quarterly, Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Indicator, Stevens 
Institute, Hoboken, J., 


Mon- 


(9) Magazine, New York 


ity, 
(10) Magazine, New York City, 


New Yor ity, 
(12) The.Engineer International 
News Co., New York City, 35c. 
(13) Engineering News, New ork City, 


(14) Record, New York 
(15) Gazette, New York City, 


(16) and Journal, 
New York City, 15c. 
(17) Street Railway Journal, New York 
City, 35c. 
(18) Railway and Engineering Review, 
Chicago, 
(19) American Supplement, New 


Age, New York City, 
21) Engineer, London, Eng- 


nd. 

(22) Iron and Coal Trades Review, Lon- 
don, England. 

(23) American Iron and Steel 
Assoc., Pa. 

(24) American Journal, New 
York Cit 

(25) New York City, 


Electrical Review, London, England. 

27) Electrical World and Electrical 
gineer, New York City, 10c. 

(28) Industries and Iron, ondon, Eng- 


(29) Journal, Society Arts, London, 
England 


ngland. 

(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels. Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 10c. 

(41) Modern Machinery hicago, 

(42) Transactions, Am. Inst. Elec. Eng., 
New York City, 50c 

(43) Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) sand Minerals, Scranton, Pa. 
«UC. 

(46) American, New York City, 


Englan 

(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 

(49) Zeitschrift fir Bauwesen, Berlin, Ger- 


any. 

(50) Stahl und Duesseldorf, Ger- 

(51) Deutsche Bauzeitung, Berlin, Ger- 

(52) Industrie-Zeitung, Riga, 


(53) Zeitschrift des oesterreichischen In- 
enieur und Architekten Vereines, 
ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 

Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Tidskrift. Stockholm, Swe- 


58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pit sburg, Pa. 
(59) Transactions, Mining Institute 
Scotland, London and Newcastle- 


upon 
(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 25c. 
(62) Manufacturer and 
World, Ninth St., Pittsburg, Pa. 
(63) Minutes Proceedings, Inst. 
London, England. 
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Bridge. 


Reactions Trusses. Willis Whited. (58) February. 

Arched Bridges over the Rhine.* (11) Serial beginning Feb. ending June 

Special Bridge and Viaduct Construction Western Pennsylvania.* (14) Serial begin- 
ning April 28, ending June 

Viaduct Approaches for the New East River Bridge New York (13) May 10. 

The Towers and Approaches the New East River Bridge.* (46) May 12. 

Eight-Track Rolling-Lift Drawbridge over the Chicago Drainage Canal.* (13) May 24. 

Bridge under High Speed.* Malverd Howe. (15) May 25. 

The Scherzer Type Bascule Drawbridge.* (12) 

Bridge Inspection the Erie Railroad. (14) 

Rolling-Lift Bridge Cleveland.* (40) June 

Working Swing Bridges Electricity.* (12) 

The Bellefield Stone Arch Bridge, Pittsburg.* (14) June 

The Duluth and Superior Bridge.* (14) June 23. 

The American Bridges the Paris Exposition.* Geo. Fowler. 

13) July 

The Chicago Type Bascule Bridge.* (14) July 21. 

The Failure and Repair the Piers the Aqueduct Bridge, Washington, 
Grabill. (13) July 26. 

Repairing Bridge Pier means Annular Pneumatic Caisson.* Edward St. 
John. (13) August 

Nouveau Type Pont Suspendu Rigide. (33) May 

Pont Endja (Algérie).* (33) June 16. 


Electrical. 


The Distributing System the Metropolitan Street Railway Company New 
York City.* Woodbridge. (27) Serial beginning March ending June 

New Transmission Dynamometer.* Elwell Goldsborough. (42) April. 

Wave Transmission over Non-Uniform Cables and Long Distance Air-Lines. 
Pupin. (42) April. 

Equipment Ships War.* (26) Serial beginning April ending 
May 4. 

Practical Transmitter Using the Sine Wave for-Cable Telegraphy; and Measurements 


with Alternating Currents upon Atlantic Cable.* Albert Crehore and George 
Squier. (42) 


Willesden Electric Supply Works.* (12) May 


Distant Electric Power Transmission. Prof. George Forbes. (26) Serial beginning 
May 11, ending May 25. 

The Properties Carbon Electrical Work. Elihu Thomson. (27) Serial beginning 
May 12, ending May 26. 


Coventry Corporation Electricity Works.* (26) 18. 

Electrical Winding and Haulage Machinery.* Miiller. (22) Serial beginning May 
18, ending June 

The Central-Station Situation the City Chicago.* (27) May 19. 

Entirely Electricity from One Center. Sydney Walker. (22) 

25. 

Electromagnetic Mechanism, with Special Reference Telegraphic Work. Fes- 
senden. (3) Serial begiuning June, ending August. 

Electric Motor Carriages.* (26) 

The Cost Electric Power Production. Philip Dawson. (11) Serial beginning June 
June 29. 

Report the National Electric Light Association Committee upon the Photometric 
Value Arc Lamps.* (27) 

The Power-Generating Plant the Paris Exposition.* (19) June 16. 

The Electrical Plant the Parkgate Steelworks.* (22) June 22. 

Mutua! Inductance Three-Phase Circuits.* Aug. Bowie, Jr. (27) June 23. 

The Electric Automobile. Riker. (19) June 23. 

The United Electric Light and Power Company New York City.* (27) June 23. 

Electrical Measurements Work Energy. Addenbrooke. (9) July. 


Saving the Joint Transmission Direct and Alternating Currents. Frederick 
edell. (26) July 


Electrically-Driven Printers’ Machinery.* (12) July 13. 

Electric Automobiles the Paris Exposition.* (27) July 14. 

Underground Metal Structures.* Dabney Maury. (13) July 19. 

Lamp. Ed. Segundo. (26) Serial beginning July 20, ending 
uly 27. 

Electric Driving. Mavor. July 21. 

Cost and Limitation Electric Vehicle Traction. Alton Adams. (46) July 28. 

The Design Tractive Elwell Goldsborough. (27) July 28. 

Alternating Current Generators. H.G. Heist (24) July 30. 

Electric Power the Parkgate Steelworks, England.* (27) August 

Electrolysis Providence, I.* (14) August 


Multiple Réversible Multiplex: Systéme Mercadia.* Briand. (33) 
une 16. 


Tilustrated. 
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Marine. 

Notable Incidents Early Ocean Steam Navigation. (12) Serial beginning March 16, 
ending June 


Admiralty Engineering. (12) Serial beginning March 30, ending May 18. 

The New Telegraph Steamer Von Podbielski.* Prof. Jamieson. (26) Serial beginning 
May ending May 25. 

The Japanese Battleship Asahi.* (11) Serial May 25, June 29. 

The Demonstrated Success the Submarine Boat.* Rear Admiral Philip Hichborn. 


(9) June. 

The Action Bilge Keels. Bryan. (11) 

Dry Dock with Steel Caisson Foundations the Port Toulon, France.* (13) June 

Corrosion and Failure Propeller Shafts.* Younger. June 15. 

Naval Docks the United States.* Waldon (62) June 28. 

The Ship-Building Yards the United States.* Waldon (9) Serial beginning 
July, ending August. 

The Distribution Pressure due Flow round Submerged Surfaces, with Special Ref- 
erence Balanced Rudders.* Professor Hele-Shaw. (11) Serial beginning 
July 13, ending July 20. 


Partial Failure Coffer Dam, New Dry Dock, Boston Navy Yard.* Frank Maxson. 
(14) August 


Classification Utilisation Militaire des Sous-Marins. Noalhat. 
Mechanical. 


Engine Tests. George Barrus. (14) Serial beginning Feb. 17, ending April 14. 

The Gas Engine Practical Use.* (58) April. 

Recent Developments Hydraulic Lifts. Serial beginning April 28, ending May 
Inertia Valve Percussive Tool.* Chester Albree. (58) May. 

Fly-Wheel Accidents.* (22) 


Professor Hele-Shaw. (12) Serial beginning May ending 
une 


the Manufacture and Application Water-Gas.* Dellwik. 
Gas Engine.* James Dunlop. 


(36) June 25. 


(22) May 11. 

(47) Serial beginning May 12, ending May 

Inclined Retorts the Bankside Works the South Metropolitan Gas Company, Lon- 
don, England.* Carpenter.. (24) May 21. 

The Automobile Wagon for Heavy Duty.* Arthur Herschmann. 


(47) Serial beginning 
May 26, ending June 

Some Points Slow-Speed Engine Design.* Marshall Downie. (47) Serial begin- 
ning May 26, ending June 

Experiments Using Gasoline Gas for Boiler Heating. Herman Poole. (47) June 

Stationary Shop Boilers. Dean. (15) June 15. 


Boiler Testing. (47) Serial beginning June 16, ending June 30. 

Open-Hearth Steel Boiler Plates.* (15) June 22. 

The Design Steam Power Plants. Henry Meyer, Jr. (14) Serial beginning June 23, 
ending July 14th. 

Electrically-Driven Air Compressor.* (12) June 29. 

Experiments with Boiler Arranged Serve Calorimeter for Determining the Heat- 
ing Value Coal. Charles Slipper, Mortimer Harrison and Edward 
Schmidt. (8) July. 

Foundry Cranes.* Joseph Horner. (10) 

Modern Methods Manufacturing Gas; witha description Its Distribution under 
High Pressure. (2) July. 

The Development Fly-Wheels.* Benjamin. (10) July. 

Utilizing the Waste Heat from the Gas Engine. Alton Adams. (9) July. 

Gas Engine Experiments.* Prof. Pullen. (47) July 

Power Transmission Shafting vs. Electricity. (18) July 

The New Air Ship Santos Dumont.* (46) July 

The New Weber. (24) July 

Some Notes the Application Motors Iron and Steel Plant.* (27) July 14. 

Naphthaline from Retort Point Deposition. William Young. (24) July 16. 

The Valves Internal Combustion Engines.* James Roots. (12) July 20. 

for Compound and Triple-Expansion Engines.* Ball. (47) 

uly 21. 


Testing Biast Furnace Gas Engine. (62) July 26. 
Blast Furnace Gas Engine.* (41) August. 

Electric Cranes German Harbors.* Louis Magee. (10) August. 
Starters for Gas Engines.* (41) August. 

The Fellows Machine and Cutter for Generating Gear-Teeth.* 


August. 
The Future Power Development: The Outlook for the Steam Engine and other Forms 
Prime Mover. William Ennis. (9) 


st. 
Speed Variations Occurring during the Cycles Otto Gas Engine and the Diesel 
Heat Motor.* (13) August 


Some Notes Larger Gas Engines. Crockett. 


Hauling and Pumping 


ing derground Oil-Engine. William Smith. (59) vol. xxi, 
pt. 
Calorimétrie Graphique Vapeur. Fritz Krauss. (37) May. 


Tilustrated. 
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Mechanical—(Continued). 


Théorie Machine Vapeur. Anspach. (37) June. 

Les Gazogénes Riché.* Corbier. (33) June 30. 

Chaudiére Multitubulaire. Systéme Delpeutte.* Pierre Guedon. (34) July. 
Essai d’une Machine Soufflante Gaz Haut Fourneau.* (36) July 10. 


Military. 


Modern Field Artillery.* (11) Serial beginning March ending May 25. 

Disappearing Gun Carriages the United States.* (9) June. 

New Presses for Cartridge Works.* (20) May 24. 

Notes the Construction Long 4.1-in. Rifled Breechloading Gun, Kim- 
berly during the Siege, 1899-1900.* Edward Goffe. (11) June 29. 

Building Big Guns. James Eastus Price. (41) August. 


Mining. 


Losses the Determination Silver Copper Bullion; Their Causes, and 
Method for Overcoming Them. Randolph Van Liew. (16) Serial beginning April 
21, ending April 28. 

Electricity Mining: Principles Governing the Calculation, Construction, and Operation 
Electrical Installations. Williamson. (45) Serial beginning May, ending 
August. 

Notes the Working Coal Mines under Sea. Thomas Bell. (22) Serial beginning 
May May 18. 

Seams Coal.* Gresley. (16) Serial beginning May 12, ending 
May 26. 

The Ray Copper Mines, Arizona.* Alexander Hill. (16) May 19. 

Draining Gas from Gob Workings. Chas. Connor. (45) June. 

the Theory Timbering: The Need Data Present Unknown, Which can only 
Derived from Experiment.* Henry Louis. June. 

Precipitation Gold from Cyanide Solutions. Watson. (41) June. 

Pike’s Peak Company’s Power Plant.* (41) June. 

Sinking Parker Shaft Mines, Franklin Furnace, New Jersey.* Van Mater. 


une. 

Mining Accidents and Their Prevention. (22) 

Electrical Coal-Mining Machines. (46) June 23. 

Coal-Mining the Paris Exhibition 1900.* (22) June 29. 

Safety Lamps—Past and Present.* (22) Serial beginning June 29, ending July 

Notes Lead Smelting and Gold and Silver Refining: The Malvern 
(16) June 30. 

The Red Ash Mine Disaster: Description the Mine and the Conditions Existing be- 
fore the Accident—Suggested Changes Mine Law. James Paul. (45) July. 

Gold Mining Georgia.* (46) July 

Dangerous Outcrops under Quicksand (22) July 13. 

Roads for Mining Purposes. Captain Longridge. July 13. 

Southern Ourals. Charles Tappan. (16) Serial beginning July 14, 
ending July 21. 

The Nature and Yield Metalliferous Deposits.* Bennett Brough. (29) July 20. 

Prospecting the Philippines. Rice. (62) July 26. 

Argo, Newhouse the Purposes for which being Driven and the Method 
Driving.* Prof. Arthur Lakes. (45) August. 

Coal Mines Pictou: Description the Mines the Colorado Fuel Iron Co., the 
Methods and the Geological Formation.* Frank Meade. (45) August. 

Electric Mining Machinery the British Collieries.* Walker. (9) August. 

Mine Timbering: Various Methods Cutting and Placing Timbers Secure the Best 
Results.* David Evans. (45) August. 

Some Problems Deep Coal Mining. H.M. Chance. (3) August. 

Tron Lining for Colliery M.E. Cleve. (16) August 

Mines Lignite Gardanne Construction d’une Galerie Souter- 
raine Destinée Relier Concession Mer.* Schmerber. (33) Serial begin- 
ning May 26, ending June 


Municipal. 


The Improvement Our Roads. White. (29) May 11. 
Parks and Boulevards. (4) June. 
Progress toward Uniform Municipal Statistics the United States. (13) July 


Railroad. 
English and American Railways. (12) Serial beginning Dec. 1899, ending March 30, 


1900. 
Dublin Electric Tramways.* (26) Serial beginning April 20, ending May 
Locomotive Road Tests: How should they made? Breckenridge. (61) May. 
the Economical Size Goods Trucks. Charles Oliver. (21) May. 
Some Points about Steel Forgings for Locomotives. Porter. (39) May. 
Railway Car Wheels.* (22) May 
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Railroad—(Continued). 


Manual Controlled and Automatic Signals. Alexander Holley Rudd. May 10. 

The Jungfrau Three-Phase Electric Railway.* Molesworth. 12. 

Low-Pressure Pneumatic Interlocking Jersey City.* (15) May 

The Controlled Manual and Automatic Block Signaling Anthony. (15) 
Serial beginning May 25, ending June 

Consideration Weight Parts Locomotive Design. Marshall. (25) June. 

Locomotive Design.* F.J.Cole. (25) June. 

Railway Bearings: Investigation Causes Hot Boxes Railway Service, and 
Methods for Their Prevention.* Robert Job. (3) June. 

The Ventilation Passenger Cars. Dudley and Pease. 25) Jun 

Locomotive Tenders: Severa! Examples Improved Practice.* William Forsyth. (25) 
Serial beginning June, ending July. 

Central London Railway.* (26) Serial beginnin une ending June 29. 

Heavy Track Construction New Orleans.* (17) June 


Records the Railroad Operating Department. Cartwright. (15) 
une 


Locomotive Engines the Paris Exhibition.* June 

The Lyman Pneumatic Crossing Signal.* (15) 

Rails and Rail Joints.* June 

System Signaling for W.S. Boult. (13) 
Lubrication and Hot-Boxes. Hodges. June 15. 

Tests Westinghouse and York Triple Valves.* (15) June 15. 


Concrete Masonry. Rogers. (15) Serial beginning June 15, ending 


Ballast the Michigan Central (18) June 16. 


Types American Narrow Gauge Locomotives.* (47) Serial beginning June 16, end- 
ing June 


Center Plates and Side Bearings for Freight Cars.* (13) June 21. 

Coke for Locomotive Fuel.* George Fowler. (15) June 22. 

Development the Structural Steel Hopper Car.* George King. June 22. 

What the Ideal Fast Passenger Engine?* Prince, Jr. (15) June 22. 

Exhaust and Draft Locomotives.* (15) June 29. 

Practicein France.* Edouard Sauvage. (12) Serial beginning June 

ending 

The Most Size Freight Cars. Loree. (15) Jul 

The State Railways France the Paris Exhibition.* (11) July 
ending July 20. 

Electric Lighting Railway Trains.* Geo. Shepardson. (27) July 


Some Notes the Operation the Power Plant the Chicago Electric 
Railway Company.* (17) July 


The Largest Electric Railway Company (17) July 
The Paris Exposition Third-Rail Road.* (27) July 

New Passenger Station Richmond. (15) 

The Railways China.* (22) July 

Transportation Freight. (18) July 14. 


Box Cars and Coal Cars Southern Pacific Ry.* (13) 
uly 


Highway Alarms. J.S. Evans. (15) 

New Compound Locomotive.* John Riekie. 20. 

Renewing Steel (22) July 20. 

Southampton Corporation Electric Tramways. 

The Work the Light Railway Commission. July 20. 

The Central London Underground Railway.* July 21. 

Car Lighting Acetylene.* Morehea (40) July 27. 

Acetylene Station and Train Lighting. Lipschutz. (18) July 28. 

Compressed Air Cars New York.* (17) August 

Construction Work the Tennessee Central Ry.* (18) August 

Repairing Methods the North Jersey Street Railway Company.* (17) 

ugust 

Recent Improvements the Southwest Missouri Electric Railway System.* (17) 
August 

The Neal-Jupiter Brake.* (17) August 

Locomotive Compound Articulée: Mallet. Mallet. (38) May. 

Note sur Graissage des Locomotives (38) June. 

Les Signaux Usage sur les Lignes Belge. Rollin. (38) June 

Comprimé: Systéme Lipkowski. (43) First trimestre, 1900. 


Sanitary. 


Difficulties Encountered Building the Storage Well the Sewerage System 
Concord, Massachusetts.* Leonard Metcalf. (1) 


The Thackeray Garbage Furnaces San Francisco, Mills. (13) May 17. 
Sewer Maintenance. W.C. Parmley. (1) June. 
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Sanitary—(Continued). 


The Towns’ Refuse Problem. (26) Serial June ending June 
Sewage Disposal Sheffield, England. (14) June 

Cleaning Catch-Basins and Sewers. Prescott Folwell. (14) June 16. 

The Bacterial Treatment Sewage England.* Wm. Easby, Jr. (2) July. 

Garbage Reduction Columbus, Ohio. (13) July 19. 

The Management Sewage Farms. (14) August 

Les Collecteurs Ville Dijon. Mocquery. (43) First 


Structural. 


Nickel Steel: Synopsis and Opinion. David Browne. (47) Serial 
beginning Jan. 27, ending May 

Prof. Wallace Sabine. (14) Serial beginning April 14, 
ending May 

Protective Coatings for Structural Metal. A.H.Sabin. (2) 


ay. 
The Use Fluid Metal the Open-Hearth Furnace. James Riley. (11) May 11. 
Concrete Arches.* Daniel Luten. (15) Serial beginning May 11, ending May 18. 
Foundations for High Buildings the City Mexico. (18) May 
Ventilation and Heating, Appellate Court House, New York.* May 12. 
Hot Water Heating Central Station.* H.T. Yaryan. (20) May 
Standard Specifications for Steel. (20) Serial beginning May 
ending 
Some Notes Pip Founding.* (22) May 25. 
Joseph 
The Newark Armory Drill Hall. May 26. 
Monier Constructions.* Lee Heidenreich. (4) June. 
Engineering Building the University Wisconsin.* (4) 
une 
Tests Fire Retardent Materials. Charles Norton. (7) June. 
Manufacture Slag Cement. Ritter Cecil von Schwarz. (14) 
The Michigan Alkali Co.’s Plant for Manufacturing Portland Cement from Caustic 
Soda Waste.* (13) 
The the Metropolitan Street Company’s Power House, New York.* 
William Wallace Christie. (15) June 
The Seventy-Fourth Regiment Armory, Buffalo.* (14) June 
Crystallization Metals.* Edward Gilmour. June 14. 
The Manufacture Cold-Drawn Steel Tubes.* June 15. 
The Preservative Treatment Timber.* (22) June 
The Pyritic Smelting Copper Ores. Longridge. (11) June 
and Heating the Law School Building, University Pennsylvania.* (14) 
une 
Cupola Practice Bessemer Steel Works.* Rodgers. (20) June 21. 
The Open-Hearth Continuous Steel Process. Benjamin Talbot. (11) 
The Use Metallurgical Furnaces Russia.* (16) June 23. 
Making Best Ewing Matheson. (10) July. 
The Hamilton Steel [ron Company’s New Steel Plant.* (20) 
Modern English Blast Furnace: The Millom Askam Hematite Iron Company, Lim- 
ited.* (20) July 12. 
The Working Bessemer Converters. (22) July 20. 
The Lukens Iron and Steel Company’s New Plant. 26. 
New Method Constructing Blast Furnaces.* (22) July 
Portland Cement Company’s Works.* Watson Jr. (14) 
uly 
Relations and Chemical Tests Cement. Otto Klein and 
Peckham. ugust 
Nouvel rome.* (36) April 25. 
Murs Souténement Quai Debilly, Paris, Béton Ciment Armé,. 
Systéme Hennebique.* (35) May. 
Note sur Ciment Comprimé dansles Terrains 
fondations, Caméré. (43) First trimestre, 1900. 


Topographical. 


The Mouths the Yukon River, Alaska.* Putnam and Faris.. 
(13 une 


Water Supply. 


The Reconstruction the Big Hole Dam. Harper. (1) April. 

Mr. Freeman’s Report the New York Water Supply.* (14) Serial beginning April 
14, ending April 21. 

The Water New Orleans. Prof. John Ordway. (1) May. 

Irrigation Works the Nile.* (12) May 11. 

Report Water Purification Experiments D.C. (13) May 17. 

The Sault Power Canal.* Waldon Fawcett. (46) May 


Tilustrated. 
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Water Supply—(Continued). 


Long Island its Relations the Public Water Supplies. 
Crosby. une. 
ect Laboratory the Brooklyn Water-Works, Greater New York.* George 
ipple. (13 une 
the Lorain Steel Company’s Blast Furnaces.* Goldsmith. 
20 une 
Examination the Drinking Water Brooklyn, Y.* June 30. 
The Relationship between the Cost Water Wasted and the Cost Detection aud Pre- 
vention Waste. Jenkins. Serial beginning July ending July 13. 
The Jersey City Water-Works.* (14) July 21. 
Filtres Dégrossisseurs pour Grandes Masses Puech. (32) May. 
Stérilisation des Eaux Alimentaires.* Albert Bergé. (32) June. 
Les Souterraines Leur Captation Moyen Puits.* Brouhon. (30) 
une. 
Note sur les Dimensions Donner aux Réservoirs des Ch. Vigreux. 
(33) July 21. 


Waterways. 


Sea Level Canal Across the Isthmus San Blas. Redfield. (1) May. 

The Hotopp Syphon Locks the Elbe-Trave Canal.* (11) May 

Deep Sea Dredges and Dredging.* Waldon (62) May 

Self-Propelling Hydraulic Dredge for the Mississippi River.* May 31. 

The East Minnesota Ore Dock.* Woodbridge. (20) June 21. 

Methods and Results Surveys and Borings for Oswego-Mohawk Ship Canal Route. 
Howell. (13) Serial beginning June 21, ending June 28. 

Hydraulic Pile-Screwing.* Anderson. (24) June 25. 

The Reaction Breakwater Proposed for the Opening the Southwest Pass the 
Mississippi River.* Lewis Haupt. (3) July. 

The Topography the Nicaragua Canal Route and the Plans and Estimated Cost 
Constructing the Canal.* E.S. Wheeler. (13) July 12. 

Large Steel Pier Shed.* (14) July 28. 

Canal Panama Historique: Etude Discussion Projet Nouvelle Com- 
Dumas. Serial beginning April ending 28. 

L’Exploitation des Voies Navigables Belgique, Debeil. (30) June. 

Canal Navigation Latéral (35) Serial beginning June, 
ending July. 

Les Ports Leugny. (36) July 25. 


Tilustrated. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


TOPOGRAPHIC SURVEYING. 


Including Geographic, Exploratory, and Military Mapping, with 
Hints Camping, Emergency Surgery and Photography. Her- 
illus. New York, John Wiley Sons, 1900. $3.50. 


The author has aimed bring together one volume the data essential compre- 
hensive knowledge topographic surveying and cover the varied phases all classes 
surveys which are made with view representing maps information relative 
the features the earth’s surface. The methods elaborated are chiefly those which 
have been developed recent years the great government surveying organizations 
and such few private corporations have kept touch with the most modern prac- 
tice. The book devoted practically higher surveying and presupposes knowl- 
edge all the more elementary 


HUNDRED YEARS BUILDING. 


Georg Mehrtens. Published forthe Paris Universal Exhibi- 
tion, 1900; tr. fr. the German Ludwig Mertens. 
ins., 135 pp.;illus. Berlin, Julius Springer, 1900. 


This work treats the development German bridge construction with regard 
theory, design and erection, supplemented description the paintings, models, 
etc., exhibited German bridge-building firms the Paris Exposition. The contents 
are: 

Introduction; The History Girder Systems and the Theory Bridges; Improve- 
ments the Construction Iron Bridges; Bridge-Building Companies and Their Work; 
Appendix. 
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MEMBEBS. 
Apam, 
Chf. Eng., Vera Cruz Harbor Work, Apartado 
Correo, Vera Cruz, Mexico 
ABIEL, 
Chf. Eng., Pittsburg and Lake Erie R., Beaver, Pa.... 
Frank VALENTINE 
Chf. Eng., Bureau Engineering, 437 East Utica St., Buf- 
Bopy, 
Gen. Man., Tehuantepec National Ry., Coat- Assoc. 
zacoalcos, Mexico 
Gen. Man. and Chf. Eng., Wiscasset and Quebec R., 
Chf. Eng., Maine Water Electric Power Co., Wiscasset, 


Irwin, JAMES CLARE, Jun. 
Res. 162 Chestnut St., Albany, 
St. Thomas, Ontario, Canada 
LANGTON, JOHN, 
Trinity Place, New York City 
Epwarp 
Eng. and Gen. Roadmaster, Co. and 
The Belt Ry. Co. Chicago, Chicago, 


Supt., Div., Seaboard Air Line, Raleigh, 


1206 Carnegie Bldg., Pittsburg, Pa........ 
1033 The Spitzer, Toledo, 


JOHN AUSTIN, 

420 Walnut St., Philadelphia, 
Ross, ALEXANDER BELL, 

Resident Engineer, Tampico, Mexico.. 
ALBIGENSE, 


Const. Eng., Missouri Valley Bridge and Iron Works, 226 


Third Ave., Leavenworth, Kansas... 


Date 
Membership. 


May 


May 


Oct. 
May 


June 


June 
Apr. 
Dec. 
May 


May 


June 
May 
June 
Feb. 
June 


May 


May 


May 


1900 


1900 


1900 


1895 
1900 


1900 


1900 
1893 
1898 
1900 
1900 


1900 


1900 
1900 
1900 
1895 
1900 
1900 


1900 


1900 


2 
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ASSOCIATE 


Date 
Frank Membership. 
1645 Old Colony Bldg., Chicago, Jan. 1900 
Cory, Harry THomas, 
Prof., Civil Eng., Univ. Missouri, Colum- June 20, 1893 
Davis, 
Chf. Bridge Designer and Inspector office State En- 
gineer, New York State, Albany, May 1900 
ALEXANDER, 
Asst. Eng., The Structural Iron Co., Baltimore, Md..... June 1900 
Martin 
Chf. Eng. and Supt., Helena Water Electric Power 
NATHANIEL OLIVER, 
Treas., The American Coke Drawer Co., 
Pres., The Wefugo Co., Smith and Augusta Jun. June 1886 
JoHN Bruce, 
Asst. Eng., Bridge Dept., Res. 152 
JoHN JAMEs, 
JoHN BIGGER, 
Moss, 
Eng., New York City Building Dept.; Res., Bloomfield, 
City Eng., Supt. Sewers and Street Commissioner, 
Macy 
Roserts, WILLIAM JACKSON, 
Assoc. Prof., Civ. Eng., Washington Agricultural College 
and School Science, Pullman, Wash........... 1900 
2235 Thirteenth St., W., Washington, Feb. 1900 
SHELLENBERGER, Rupy, 
113 Rochelle Ave., Wissahickon, Philadelphia, Pa....... May 1900 
JUAN, 
Care Chilian Consulate, 135 West 11th St., New York 
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Davis, 
Van 
Res. Eng., East. Div., State Canals, Albany, Y.. 
With Naughton Co., 258 Broadway, New, Jun. 
York City; Res., New Rochelle, 


Gen. Man., Burlington Route, 604 Pine St., St. Louis, Mo. 
HERBERT, 


Pres., Sawyer Spindle Co., Chestnut Hill, Mass 


JUNIORS. 
ALLEN, 


Care Gregory, Station Agent, M., Durango, 
Mexico 


Henry 

City Engr.’s Office, Hartford, Conn.; Res., Wethersfield, 

546 Brumhall Ave., Jersey City, 
Darrow, 

Eng. Office, 1637 Indiana Ave., Chicago, 

462 Walnut St., So. Bethlehem, 
CHARLES FREDERIC, 

Care Mexican International R., Durango, Mexico... 

1410 Sixth St., W., Washington, 
WILLIAM, 

Care Long Co., 320 Broadway, New York City... 
Burton, 

West 119th St., New York City............ 
CLIFTON, 


Eng., W., Pittsburg, Shawmut and Northern R., 
St. Marys, Pa...... 


Assoc. 


Date 
Membership. 


June 


April 


Jan. 


June 


May 


1900 


1900 


1892 
1900 


1900 


1900 


1900 


1900 


1900 


1900 


1899 


1900 


1900 


1900 


1900 


1900 


1900 


May 
June 
May 
2 
Feb. 
Dec. 
June 
June 
Mar. 
May 
April 
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CHANGES ADDRESS. 


MEMBERS. 

GUNWALD..... 111 Fifth Ave., New York City. 

JOAQUIN......... Chf. the Lighthouse Board; Res. Virtudes 
No. 103, Habana, Cuba. 

GEORGE PIERREPONT...... 510 Harrison Bldg., Philadelphia, Pa. 

BRENDLINGER, PETER Montgomery Co., Pa. 

CoRNELL, GEORGE BIRDSALL....... Broadway, New York City. 

South Terminal Station, Boston, Mass. 

Bethlehem, Pa. 

Donovan, JOHN JOSEPH........... New Whatcom, Wash. 

1108 Lincoln Ave., Denver, Colo. 

CUSHING.......... Asst. Eng., Southern Pacific Co., Mont- 
gomery St., San Francisco, Cal. 

Juan, Puerto Rico. 

125 State St., San Antonio, Tex. 

GRISWOLD, Cruz dei Eje, Cordoba, Argentine Republic, 

City Eng., Room 19, City Hall, New Orleans, 
La. 

Harrison, CHARLES Care Denver Union Water Co., Denver, 
Colo. 

Howarp VERNON ...... Supervising Engineer, Muscogee, 
Ind. 

374 Fifth Ave., New York City. 

Ry. Eng. Dept., American Bridge Co., care 
Pencoyd Iron Works, Pencoyd, Pa. 

125th St., New York City. 

2177 Washington Boulevard, Chicago, 

JACKSON, The Mohawk Club, Schenectady, 

WILLIAM DUNBAR........ Care Commercial Hotel, Iron Mountain, 
Mich. 

........... Kouznetshny Pereoulok, No. log St. 
Petersburg, Russia. 


Offices, Grand Central Station, New 
York City. 


4 
q 
‘ 


27] 


MEMBERSHIP—CHANGES ADDRESS. 179 


ALEXANDER......Res. Eng., Dept. Public Works, New 
Westminster, C., Canada. 


PEARSON.. ..... 157th St. Broadway, New York City. 

JOHN FRANCIS......... 1107 New England Bldg., Cleveland, Ohio. 

Gen. Man., The Edison Elec. 
Co., Duane St., New York City. 

Selma, Ala. 

Asst. Eng., Missouri River Comm., 
Osage City, Mo. 

Neath, South Wales. 

Henry SEWALL........ Civ. Eng., with American Bridge Co., Pen- 
coyd, Pa. 

Prince, South 28th St., Omaha, Neb. 

Roop, Henry Washington St., Port Chester, 

HENRY..... Cons. Eng., 1401 Monadnock Block, Chi- 
cago, 

sas. 


and Gen. Man., New York Steam 
Co., Liberty St., New York City. 

and Lines Oregon), San Francisco, Cal. 


Wess, HERBERT...... C., C., St. Ry., Spring- 
field, Ohio. 

CHARLES Chf. Eng., Ry. Co., Dunmore, 
Pa. 

Eng., United Elec. Light and Power 
Co., Duane St., New York City. 

ZIFFER, EMANUEL Opernring Vienna Austria. 

Ind. 


ASSOCIATE MEMBERS, 


Henry Res. Eng., Middle Div., State Canals, 
Syracuse, 

Barr, 1117 Carnegie Bldg., Pittsburg, Pa. 

INNERARITY......... Tie Siding, Albany Co., Wyoming. 

Brown, Jr..........Asst. Supt., Pittsburg Plate Glass Co., 


Crystal City, Mo. 
Draftsman, Fort Pitt Bridge Works, 
Canonsburg, Pa. 
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ANDERSON...748 Marcy Ave., Brooklyn, 
City, New Mexico. 


Care Albert Carr, Div. Eng., Rapid Transit 
Comm., Astor Place, Room 34, New 
York City. 

Henry Mich. 

Man., The National Contracting Co., Glens 
Falls, 

Room 705, Oneida Block, Minneapolis, 
Minn. 

Signal Eng., Standard Signal Co., Troy, 

Van Res. Eng., Eng. Corps, Humacao, 
Porto Rico. 

CHARLES (Old) 193 Fairfield Ave., Bridgeport, Conn. 

206 Harrison St., Richmond, Va. 

Hoyt, Office State Eng. Surveyor, Albany, 

STANLEY........... 532 Cooper St., Camden, 

Henry Contracting Eng., American Bridge Co., 
Sydney, W., Australia. 

Jonson, 152 West 47th St., New York City. 

Asst. Eng., chge. Testing Station Im- 


provement Filtration Water Supply, 
Spring Garden Pumping Station, Phila- 
delphia, Pa. 


Mass. 

Lone, The Continental Iron Works, Brooklyn, N.Y. 

West 26th St., New York City. 

ARMSTRONG....... Chf. Eng., The Cuba Company, Santiago, 
Cuba. 


Estado Vera Cruz, Mexico. 


ALBERT....... .... 138 Ave. Villiers, Paris, France. 

Jerome Park Reservoir, Kingsbridge, New 
York City. 


Eng., Keystone Bridge Works, 
St., Pittsburg, Pa. 


4 
A 
4 


ASSOCIATES. 


MELVILLE Iron Gate, Va. 
Jr.....Pres., Hoge Memorial Military Academy, 
Blackstone, Va. 


JOHNSTON, JOHN PARRY .......... 220 Broadway, New York City. 

ALVERSON....... 371 West 116th St., New York City. 

LANGDON........ 128 West 42d St., New York City. 

Bascom, Harry Asst. Eng. Const., Atlas Portland Cement 
Co., 394 Union St., Allentown, Pa. 

JAMES GEORGE........... 121 Murray St., Binghamton, 

THEODORE .......... West 67th St., New York City. 

Connick, Harris Haven....... 320 Sansome St., San Francisco, Cal. 

FREDERICK ........... 179 Washington Park, Brooklyn, 

Maiden Lane, Room 1203, New York City. 

.......... 253 Rochelle Ave., Philadelphia, Pa. 

HERBERT......... Asst. Eng., Improvement Water Supply, 

710 City Hall, Philadelphia, Pa. 

Harris, Henry ALEXANDER....... Princeton, 

How, Athens, Pa. 

Asst. Eng. Div. Cuba, Havana, Cuba. 


Copper Corporation Chili, Ltd., 
Chafiaral, Chili. 


South Bethlehem, Pa. 

CHURCH.......... Prof. Civ. Eng., University Washing- 
ton, Seattle, Wash. 

PENFIELD, WALTER GRANT........ Lieut., Infantry, East Berlin, Conn. 

Asst. Eng., Rapid Transit Comm., 
147 Columbus Ave., Room New York 
City. 

St. 11th Ave., New York City. 

GEORGE FREEMAN....... Asst. Eng., Penna, Water Co., Wilkinsburg, 
Pa., 701 Wood St., Station Pittsburg, 
Pa. 

JOHN CoRNELIOUS ...... Saint Joseph, Mich. 

Res. Eng., Gurabo, Porto Rico. 
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DEATHS. 

Epwarp ARNOLD......... Elected Member March 7th, 1900; died June 
24th, 1900. 

WILLIAM GIDDINGS........ Elected Member May 3d, 1882; died June 
15th, 1900. 

WILDER.......... Elected Member June 3d, 1885; died May 
13th, 1900. 

Elected Member July 3d, 1878; died May 
28th, 1900. 

Elected Fellow March 10th, 1877;. died Aug. 
13th, 1900. 

Elected Assoc. March 4th, 1896; died 
June 8th, 1900. 

Marc Elected Member Dec. 7th, 1898; died May 
26th, 1900. 

Elected Member Feb. 5th, 1879; died July 
4th, 1900. 
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INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 


Papers presented: 


The Ninety-sixth Street Power Station the Metropolitan Street Railway Com- 
pany New York City. 


PAGE. 


Discussions Papers which have been presented 
Experiments the Flow Water the Six-Foot Steel and Wood Pipe Line 
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AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 


THE NINETY-SIXTH STREET POWER STATION 
THE METROPOLITAN STREET RAILWAY 
COMPANY, NEW YORK CITY. 


PRESENTED SEPTEMBER 1900. 


The events which led the building the new power station 
the Metropolitan Street Railway Company were brought about 
largely the steady growth the company. 

1891 was decided adopt mechanical traction for Broadway, 
and the cable was selected offering the best tractive power for heavy 
loads. the company increased size, cable extensions were built 
Lexington and Columbus Avenues. Having built these, and having 
laid out other proposed roads, was seen that the cable, its multi- 
plicity sheave pits, curve pits and power houses, was too expensive 
and cumbersome adopted for large system; and, the overhead 
trolley, which had proven satisfactory other cities, was prohibited 
the company began search for some other 
system which would prove satisfactory operation and which would 
also overcome the objectionable features both the foregoing systems. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either written, will published 
subsequent number Proceedings, and, when finaily closed, the papers with discussion 
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After careful study all the underground conduit roads exist- 
ence that time was decided build and equip several miles 
conduit electric road, experimentally; making the road-bed that 
could easily changed cable road the experiment failed. This 
experimental line was built 1895, and proved satisfactory that 
was decided adopt the conduit electric trolley standard for all 
main lines. The company now operates all the lines the Boroughs 
Manhattan and The Bronx. Each year, since 1897, has converted 
several roads into the conduit electric construction, and when the con- 


version the present cable roads completed, nearly all the main 


lines will this type. All the street railroads The Bronx are 
the overhead-trolley type. The cross-town lines down town are yet 
unequipped, the underground trolley does not seem 
suitable, and the company still conducting experiments with view 
securing motive power for them. 

Location.—The station located First Avenue hetween Ninety- 
fifth and Ninety-sixth Streets, and the property extends the East 
River. The dimensions the building are shown the plan, Fig. 
Provision has been made for marginal street along the river front, 
leaving space about ft. wide between the building and the 
river, case the Dock Department should ever condemn 
and purchase that strip. 

The engine house the north and the boiler house the south 
side the building. The width the former about 112 ft., and 
the latter about ft. The chimney near the center the boiler 
room. Fig. longitudinal section the boiler house, Fig. 
longitudinal section the engine room, and Fig. cross-section 
through the building. 

The space opposite the chimney, the center the boiler 
house, utilized follows: the basement this space contains 
the water supply piping; the first floor contains the feed 
pumps; the second and third floors are left for secondary heaters; 
the fourth for oil room, and the fifth used machine shop 
for light repairs. elevator and stairway provide access each 
floor. 

each the first, second and third floors space provided for 
two large blowersto used for forced draft found advisable 
necessary force the boilers. 


Elev. 
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the southeast corner there space divided into stairway 
well and wash room each boiler house floor for the men. Over 
each wash room there mezzanine floor for lockers, etc. 

The Foundations.—Piles were driven over the whole site and then 
thick bed concrete was put in. the concrete under 
the chimney ft.; under the center the boiler house ft., 
and under the remainder the building ft. The piles are from 
ft. long, and extend into the concrete ft. Those under the 
chimney are ft. long. The piles were not driven entirely refusal, 
yet they are firmly embedded the coarse sand gravel, and, accord- 
ing tothe Engineering News formula, they have sufficient bearing 
power. 

Near the present westerly property line the site there was 
old bulkhead crib, and old cribs extended out along Ninety-fifth and 
Ninety-sixth Streets, formerly making piers near these streets. The 
site the building was formerly the water slip, and therefore the 
upper part the excavation was mostly filled material compara- 
tively recent date. 

The cribs extend down near each street line, and are part way 
under the building. was found that, removing the tops these 
cribs, when the excavation was being made, was possible drive 
piles somewhat regularly and sufficiently well through the bottom 
part. Some the piles were shod. The cribs did not extend under 
the area occupied the chimney. The preliminary borings indicated 
that the space between the cribs was filled with heterogenous matter 
down about Elevation 15. Under this, and down about Eleva- 
tion —75, there were beds sand, each about ft. thickness, and 
growing coarser and more like hardpan the depth increased. The 
strata below the cribs seem almost level over the whole site. Below 
Elevation —75 stiff blue clay extends down indefinitely far known. 
The piles were driven nearly 3-ft. centers under the walls, and 
30-in. centers under the center the building. Under the chimney 
they were driven little closer, being placed that the triangle 
formed each three adjacent piles has ins. side. The eleva- 
tion the former surface the ground was from 6to+7ft. The 
elevation the basement zero. 

vault has been built under the sidewalk Ninety-fifth Street and 
First Avenue, with the floor Elevation This will used for 
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the distribution feeder wires and probably for small storage bat- 
tery. There piling under the wall, and thick bed concrete for 
the floor, which not piled. 

The engine foundations are shown Fig. Plate XXVII. They 
are mostly brick, but the lower part, below the holding-down 
bolts, consists shell brick filled with concrete. Each the 
large foundations would contain about 500 00U brick entirely built 
them. 

The Engine House.—The engine house has sub-floor Elevation 
10, the engine floor being Elevation 29. the west end there 
wide, and are used switch-board galleries. the top there 
pent house running around the four sides the engine house 
Elevation 102. 

The engine house has large headroom, and trussed across 
heavy steel trusses ft. 8ins. apart. These carry lantern the 
center and the pent house either side. 

the switch-board end, one corner, there elevator and 
stairway for visitors. the other corner the switch-board gal- 
leries spiral stairway provided especially for the use the em- 
ployees. other end the engine house, and one corner, 
there elevator and stairway brick enclosure running 
the pent house and storeroom, with doors the engine house floor 
and each successive floor the boiler house. 

Chimney.—The internal diameter the chimney ft., and its 
height 353 ft. higher than any chimney this country, and 
larger diameter than any the world. was built the summer be- 
fore the building, except the foundation walls. order keep 
work many bricklayers possible, was built from both inside 
and outside scaffolds, height 125 ft., and two material ele- 
vators were used. From that elevation the top ascaffold and elevator 
was carried the inside only. 

built mostly common brick and contains lining fire- 
brick extending about ft. above the highest flue opening. has 
two shells. The inner just thick enough support its own weight, 
including the fire-brick lining; the outer carries its own weight and 
the horizontal wind load, taken per foot. resist this 
overturning moment, and stiffen the outer shell, counterforts 
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ribs were built into shown Fig. These reach within about 
ins. the inner shell and form guide for its movement expan- 
sion contraction. The capacity the chimney was figured 
Rankine’s formulas. Brick was used instead steel because 
masonry the more durable material. The chimney was carried high 
order avoid the use exhaust fans blowers, and because 
was thought better let the foul gases escape high level 
possible. contains about 400 000 brick, and rests block 
concrete ft. thick and ft. square. 

The flues enter from opposite sides each the three floors, and 
baffle wall the center, reaching just above the highest flue open- 
ing, directs the gases upward and prevents the discharge from one side 
tending choke the opposite flue. 

The chimney surmounted iron cap, cast sections and 
bolted together (Fig. 6). The whole topped series lightning 
rods, which are grounded copper ribbons opposite sides. 

Fig. Plate shows the excavation for the chimney, partly 
filled with concrete, and also shows some the concrete for the sur- 
rounding foundations. Fig. Plate view the chimney 
showing the height which the outer scaffolding was carried. 

The Building —The building brick. The outside faced with 
iron-speckled brown brick and trimmed with granite and with brown 
fire-flashed terra cotta. The window frames are iron, and the 
cornice and monitor trimmings are copper. Fig. Plate 
view the completed building, from the river end. The inside 
walls the engine room are common brick, but there wains- 
coting enameled brick about ft. above the floor. The walls 
are for the most part self-supporting. The floors, floor loads, roof, 
roof loads, boilers, coal pocket and contents are carried the 
columns. There heavy cornice terra cotta blocks near the top 
the building and this partially supported and anchored iron 
frames, but these are constructed allow slip down in. 
the wall below should shrink settle away that much from the iron 
frame the building. Other mouldings, cornices, are built into 
and supported entirely the walls. Fig. Plate shows the 
ironwork the building during erection. 

The loads allowed are follows: Engine-room floor, 400 
per square foot the part and 690 front, 
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which amply allows for the concentrated loads the exciter engines 
and exciter switch-board; sub-engine room floor, 225 lbs. between the 
engines, with special provision for condensers, heaters and pumps; 
and 600 front where are supported the transformers and rotary 
converters for sub-station for the power-house locality 225 Ibs. per 
square foot each switch-board 175 lbs. the pent-house 
floor; 100 lbs. for the roof; 425 lbs. the boiler-house floors for the 
part front the boilers; and 225 for the space between and 
back the boilers. These figures include the allowance for the floor 
itself and for the superficial loads. 

provision was made for longitudinal expansion, was con- 
sidered that would act each way, from the big brick chimney 
fixed point, and take care itself. The boiler-house joints are mostly 
bolted the bottom, absorb some the expansion, and are 
solidly riveted the top. lateral expansion the engine-house 
roof trusses are hung end pins allow for any slight movement 
north from the boiler house, which rigidly held. The engine-house 
columns are very long, and those the north side are wide enough 
and strong enough resist the vertical load well the horizontal 
outside wind load. 

The wind load was taken lbs. per square foot the top, and 
was decreased somewhat toward the bottom. The columns were 
made strong enough resist this wind pressure span extending 
from the end truss pin the was anticipated that the 
engine floor and sub-floor would not put until some time after 
the building was erected. the south side the engine room, the 
columns are the same outline, but considerably lighter metal, 
they will have wind load resist. The engine-room trusses ure 
pin-connected along the bottom chord and riveted the top. They 
carry not only the roof and its load, but also the pent house and its 
load. 

The wind pressure from the east west resisted the engine 
room lateral system every other bay. This starts the roof 
and carried down the column bases diagonal rods and lateral 
braces. The traveling crane girder, engine-room floor girder, etc., are 
incorporated with this system. 

the boiler house the columns carry not only the 
boilers, but also the coal pockets and, addition, the roof and its load. 
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Each pair columns the center battery braced diagonally 
from floor floor from the coal pocket down. 

The large coal pockets presented quite problem. The tendency 
burst spread out resisted entirely from the outside, there 
being exposed iron whatever them. The pockets are lined with 
I-beams spaced ft. more apart and varying depth from 
ins. These are filled with concrete which carried about ins. 
over their tops and then covered with waterproofing material. 
crete surface was left fairly rough order prevent the waterproofing 
from sliding, peeling off. The section the pockets shown 
the cross-section the building, Fig. and the ends are vertical. 

The pressures, course, are for maximum load, the 
conditions for which are that the pockets shall hold much 
they can made trimming, that is, that the coal should slope 
from the tops the vertical sides the angle repose the 
summit. The pockets can filled the conveyors almost this 
limiting line. 

The pressures the vertical surfaces were calculated Rankine’s 
formula for retaining wall with superimposed loads: 

the weight unit volume the material, 
the depth below the top this unit surface, 
cos the angle repose the material, the angle the 
top slope. 

The pressure parallel the surface the material. Then the 

total pressure vertical surface 
where the depth the top the surface, and 
the depth the bottom the surface below that point 
the top surface the material directly over the surface. 

The weight cubic foot coal was assumed lbs. 

The pressures the inclined side portions were obtained con- 
sidering each surface composed series steps, and assuming 
the pressure the slope the resultant the vertical dead load 
multiplied cos the horizontal part each step, and the 
thrust the vertical part calculated Rankine’s formula. 
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The pressures the vertical faces these steps were 
reduced when the so-called line maximum pressure—that is, the 
line bisecting the angle between the vertical and the slope repose— 
cuts beyond the crest the coal slopes; that is, intersects the oppo- 
site receding slope, that slope produced, first instead the rising 
slope, and the amount that the part (Fig. the line between 
the opposite receding slope Band the ascending slope pro- 


duced, bears the whole line, the ascending slope line produced, 


the bottom the pocket, the two slopes the crown piece 
counteracted each other, and therefore was only necessary make 
the strong enough resist this pressure, and the main cross 
girder only strong enough bear the vertical load and the tension 
induced the side pressures. the height where the bottom the 
vertical portion meets the top the inclined part there horizontal 
trussing, made strong enough carry portion the lateral 
thrust the corners, and the corners are made strong enough resist 
powerful distorting force. 
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Across the end this level there are horizontal trusses strong enough 
take the entire end thrust the corners and thence down the sides 
where will taken the frictional resistance the coal, or, 
the pocket full, will partially resisted the opposite end 
pressure transmitted along the side pieces. 

This was done provide against any possible bursting tendency 
sudden settlement, one-sided load, other cause; even for the remote 
possibility slight earthquake. 

The strains the steel, and the loads the columns and brick 
work were made agree with those allowed the Building Depart- 
ment New York City the law used 1898, before the present law 
went into 

Erection and Cost.—The building excavation was sheet-piled all 
around because the surrounding material was too soft take any 
reasonable slope naturally. The ground-water was easily kept down 
with one 3-in. and one 6-in. pulsometer, although this was 
necessary drive two rows sheet piling and puddle between 
them where the cribs running east and west passed out from under the 
building the bulkhead. The sheet piling was ins. 

For the chimney foundation row 12-in. tongued and 
grooved sticks was driven around the form square. The 
enclosed space was then excavated the required depth. The corn- 
ers were well braced and the piles were driven from the surrounding 
cellar bottom attaching the regular pile drivers sticks corre- 
sponding ordinary derrick booms, and hanging their ends 
pairs ways reaching the bottom the chimney excavation. 
these ways the hammers were moved and the piles were driven. 
this method was possible keep several machines work the 
somewhat limited area, and the bother and expense lowering 
machine into the hole and lifting out again was avoided. The side- 
walk vault was excavated and built after the building was nearly 
finished. The shoring for the earth outside was braced against the 
building. 

Much the iron-work was erected with house derricks and those 
the ordinary form, but the engine-house roof required quite 
extensive traveler. one side was supported the tops the 
engine foundations and the other was first built high block- 
ing, and, after two spans (or one bay) the engine room were up, 
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was allowed run that the main-crane girder, account 
the temporary engine house being the way. 

that the erection the engines might proceed before the 
engine-room roof proper was put on, temporary roof was suspended 


from the trusses the two bays the engine room over engines Nos. 
and 


The intake pit for the circulating water was made driving 
12-in. tongued and grooved stieks around its four sides and 
using these for its walls, both supporting and retaining. 

The roof load distributed these sheet piles framing the 
roof beams into heavy beam running continuously along the wall. 
The sheet piles are cut off low that, while they are not below tide- 
water, capillarity will keep them wet and reduce decay minimum. 

receive the large engines and generators runway was built 
level with the engine-room floor from the bulkhead opening 
left the wall; that, after single movement from the lighter 
the runway, means floating derrick, the parts could rolled 
within reach the large traveling crane. 

Cracks masonry seem unavoidable, and two small ones, 
running from the flue opening upward for short distance, developed 
the chimney, immediately after was put use. These have not 
increased size, and there have been settlement cracks the 
building, chimney, machinery foundations. 

The excavation, which there were about cu. yds., cost 
about $1.20 per yard. About 000 piles were used. The 35-ft. piles 


cost $5.50 apiece, and the 45-ft. piles under the chimney cost $7.50 
apiece, driven. 


The concrete used was mixture part cement, 
parts sand and parts broken stone, and cost $5.00 $4.50 per cubic 
yard, according whether American Portland Rosendale cement 
was used. The former was used the foundation concrete and the 
latter above Elevation The chimney, above the elevation where 
the brickwork commences, cost $20.50 per thousand for everything, 
including damper ironwork, cap, lightning rods, 

About tons iron were used for the building, including 
architectural cast-iron well structural work. The total cost 
the station, including machinery, will not far from 000 000. 

The foundations were put during the summer and fall 1897. 
1898 temporary engine house, shown Fig. Plate was 
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built inside the proposed permanent one, and several boilers were 
erected the first floor the boiler house and temporarily closed in. 
These gave electric power 1700 K.-W. for about year before 
the permanent plant was put operation. 

The chimney and engine foundations were also put during 1898. 
1899 the building was erected, and during that year the plant was 
pretty completely equipped. 

Engines, Generators, Etc.—In the engine room there are eleven 
large vertical cross-compound engines, each directly connected 
three-phase alternating current generator the center between the 
cylinders. The engines are piped that either cylinder may 
operated alone, and that case each capable generating 500 
H.-P., maximum. The engines are each H.-P. normal, and 
6600 H.-P. maximum, capacity. Each generator has capacity 
3500 K.-W., and capable carrying 50% overload for short 
time. 

For medium-sized cross-compound engine quite customary 
ship the shaft, cranks, fly-wheel hub and generator hub one 
assembled piece. This was deemed inadvisable this case, account 
the great size and weight the pieces and the difficulty moving 
them. The pieces were, accordingly, shipped separately, the largest 
pieces being the shafts, which weighed about tons. Each shaft and 
the pieces pertaining were assembled near their foundation, the 
different parts being forced the shaft means press- 
ure over 300 tons.* 

The shaft large hollow forging ins. maximum diameter, 
the hole being ins. diameter. The cranks are the style known 
fan-tail, distinction from cranks the ordinary unbalanced 
cranks. 

The cylinders are and ins. diameter, the stroke ins. 
and the number revolutions per minute. The fly wheels have 
rim speed 600 ft. per minute. They are built up; the hub, arms 
and central third the rim are cast steel, and the outer thirds 
steel plates. The plates are thicknesses in., two joints come 
opposite, and they are fastened the central part and each other 
long 2-in. steel rivets, which were driven cold hydraulic press- 
ure.* The fly wheels are very heavy order absorb quickly the 
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speed variations, for which displacement curves were very carefully 
calculated. 

The valves are the Reynolds-Corliss type, The valve chambers 
are cast the removable heads each cylinder, and are the center, 
new scheme Mr. Reynolds, the Allis Company, which clear- 
ances the cylinders are reduced. 

The connecting rods are the locomotive pattern, that is, 
instead round, and the bearings are water-jacketed, well piped 
for the oil supply. 

The generators are the revolving-field type, with fixed outside 
armatures. The revolving field has poles, and alternating cur- 
rent 600 voltsis generated. The armature was shipped two pieces 
and the field several pieces, The hub spider, the rimin 
four parts, and each pole piece itself. The armature the side- 
moving type, made the General Electric Co., and the pole pieces 
may exposed view without removing the top half the armature. 

The engines stand the floor Elevation 29, and reach about 
ft. above the floor. Fig. Plate XXVIII, view Engine No. 
during erection. Fig. Plate XXVIII, shows the interior the 
engine room, with eight engines nearly completed. 

separate feed-water heater and condenser provided for each 
engine, and placed the space under the floor and between the 
engine foundations. Each condenser has steam engine driving 
single-cylinder circulating water pump and two-cylinder air pump, 
the cylinders which are either side and are part the same 
frame the circulating water cylinder. The single steam cylinder 
directly over the circulating water cylinder thecenter. The exhaust 
steam from the pumps connected that may turned into its 
condenser, into the low-pressure cylinder of.its large engine (and thus 
used expansively), conducted back into the boiler house the 
secondary feed-water heaters. 

The exciters are placed the west end, under the switch-board 
galleries. Provision has been made here for steam-driven exciters 
60, and H.-P., respectively. The drivers are tandem-compound 
high-speed steam engines the Ideal” make, and are directly con- 
nected small direct-current generators. There also space for 
exciter switch-board and battery three electrically-driven exciters, 
each consisting generator coupled motor. 
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The entire complement engines has not yet been installed, nor 
has the third floor the boiler house been filled. The other engines 
will needed the load the Third Avenue Railroad thrown 
this station, and the remainder the third tier boilers will 
filled out with the boilers from the various small electric and cable- 
driving stations about town, these stations are discontinued. 

The Boilers.—There are boilers, set three tiers each. 
Each boiler about 500 H.-P., ordinarily, 800 H.-P., maximum. 
These are known 250 H.-P., ordinarily, when rated the Phila- 
delphia Centennial Standard, evaporation lbs. water 
for 1H.-P. They are equipped with mechanical stokers, coal 
chutes feed them with coal, and ash chutes convey the ashes 
the basement. The stokers are driven through jack-shafts near the 
tops the boilers, and the bearings are bracketed out from the 
columns. 

Each line from boilers has two small Westinghouse steam 
engine drivers platforms between the batteries, the other spaces 
being planned occupied electric motors. The shafts are 
propelled means link belts. Above the boilers the coal pocket, 
divided half the chimney, and fed two link-connected over- 
lapping bucket conveyors, Fig. The total capacity the double 
coal pocket 000 tons. 

Cranes.—The engine room provided with several cranes. There 
large three-motor electric crane 110-ft. span, built Wm. 
Sellers Co., and capable lifting and carrying tons. out- 
board crane feeds the traveler from Exterior Street, and has hand 
trolley tons capacity. small hand-power crane tons 
capacity runs under the first switch-board gallery cross-wise the 
building. Another similar one located directly below for the 
sub-station. Provision also made for trolley over engine No. 11, 
and feeding from that the outboard crane. 

Coal and Ash Conveyors.—Coal unloaded the wharf tower 
with fixed horizontal boom, and transmitted into the pockets 

two bucket conveyors. The buckets are ins., and overlap 
continuous-loading without the use filler. Sufficient 
vertical space provided the tower for the coal 


lumpy, and for two weighing hoppers used before the coal 


emptied into the conveyors. Each conveyor makes two vertical turns 
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90° and horizontal twist about The length each 
conveyor about 800 ft. 

The ashes are picked from the chutes the basement and 
transferred small trucks parallel tracks, two conveyors, 
the river end the building. Here they are dumped into 
vertical bucket conveyor and carried the second story where 
they are again dumped and carried the ash pocket the returning 
coal conveyor. The ash pocket under the coaling tower, and 
about ft. wide and ft. long. high enough and sufficient 
V-shape discharge its contents four chutes into scows the dock. 

Each conveyor driven separate steam hoisting engine. The 
conveyors are supported from the coaling tower the building 
steel bridge having passageway between and either side the con- 
veyors. The vertical portions are encased steel frames, and here 
the twists are made. The top horizontal parts are supported the 
boiler house trusses. 

Steam Piping.—The maximum diameter for the mains the steam 
pipe system was fixed ins. account the difficulty placing 
position curved lengths larger size. also more difficult 
provide expansion for larger sizes and keep them tight. 

each end each floor the boiler house there 16-in. loop, 
and the loops each end are connected each other. Each boiler 
connected the line pipe back it. Each floor has connec- 
tion each stand pipe, which there are many there are large 
engines, all. These are situated near the loops, the spaces 
between the batteries boilers. From the bottom, and below the 
level the engine-room floor, connection runs across each 
Before the steam enters the high-pressure cylinder, goes through 
separator. necessary, steam can supplied any engine from 
any floor boilers either end, although, course, under normal con- 
ditions, steam will taken from the adjacent part one the loops. 

Any damaged portion steam pipe may cut out means 
valves the boiler house without cutting out more than one battery 
boilers. leak break the engine room would necessity cut out 
oneengine. There are various small steam pipes for the smaller engines. 

The pipe all rolled steel with cast-steel fittings. The flanges 
made the latter are part riveted the pipeandin part connected 
the Van Stone patent. 
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Exhaust 42-in. risers are provided for free exhaust, 
one for each three engines; and each engine exhaust provided with 
back-pressure valve. the boiler house there are also smaller exhaust 
risers outlets the exhaust for the feed pumps and auxiliaries 
passed through the secondary heaters. The water condensed from 
each large engine passed through into its separate hot well where 
can settle, become cool and have most its oily matter removed 
filter one end. The hot wells are large enough hold the water for 
about half day, none passed away and wasted. 

Water and Gas Supply.—The water supply obtained from two 
separate systems: main Second section the 
city further down town, and small main supplying the immediate 
locality. The former connection Ninety-fifth Street, ins. 
diameter, and piped four 6-in. meters. The latter connection 
Ninety-sixth Street, 6ins. diameter, and piped two 6-in. 
meters. From the meters the water can either direct the feed 
pumps two tanks which may called equalizing tanks, and 
which the water received from the various sources and mixed 
equalized. There also 12-in. connection for salt water, which may 
used the feed system other sources fail, may used for 
flushing out the basement. 

emergency gas connection will probably made, that, the 
electric power absolutely suspended for any reason, the building will 
not without light. 

Feed- Water.—The feed-water system provided with three duplex 
steam-driven plunger-packed compound pumps, horizontal pattern, 
and alternative system consisting gang inspirators capable 
elevating portion the supply required. The pumps have work 
against pressure from 160 180 

The feed-water pumped from the equalizing tanks, the mains 
direct, into long mains under the first floor. From these passes into 
one all the primary heaters the engine room, directly into 
risers which feed through loops into the boilers the various tiers. 
From the primary heaters keeps returning either the secondary 
heaters the boilers directly. taken through the secondary 
heaters then passes the boilers. Thus may take one the fol- 
lowing three courses: the boilers direct, either the street tem- 
perature, with that temperature modified the hot wells; the 
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primary heaters and then the boilers temperature about 125°; 
or, through both the primary and secondary heaters and then the 
boilers temperature dependent the number secondary 
heaters installed and the amount exhaust steam turned into them. 
four were put in, the temperature would high 
200°, not much below the boiling point. 

Circulating Water Piping.—The circulating water system consists 
four 30-in. suction mains and four 30-in. discharge mains. Each main 
supplies three large engines. The circulating water drawn from 
basin well the vacant space just inside the bulkhead. con- 
nected with the river two 42-in. pipes laid through the bulkhead. 
The discharge mains out through the bulkhead and discharge into 
the river. The water drawn inis taken much lower level than that 
which the dischargeis made. Thetwo masses water the widely 
different temperatures are expected kept apart sufficiently this 
difference level. 

Oil System.—New oil and old oil from the mains received the 
Exterior Street end the building, near the entrance and the base- 
ment the engine room. Three duplex pumps are provided lift 
the oil into the oil room. There can passed through one 
two filters, taken directly into one the receiving tanks that 
room. From the oil room, Elevation 84, the oil piped all 
parts the large engines, and also most the small engines with 
sufficient head. 

Sub-Stations.—Electric sub-stations have been laid out and several 
have been installed. soon these are finished and the cables are 
removed, the various cable and direct-current electric stations the 
city will gradually abandoned. 

The outfit for the sub-stations consists several rotary converters, 
their transformers and couple blowers keep the latter cool. 

Contractors.—The main features the engineering work were 
the following firms: Most the structural work was done the New 
Jersey Steel and Iron Co., the masonry Reid Co., the large 
engines the Allis Co., the generators the General Electric 
Co., and the boilers the Babcock Wilcox Co. 

the small piping was done day’s work under the 
direction the company’s engineers, and many small bits iron- 
work were let various firms the city. The writer had general 
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charge the plans the office, and made many the calculations 
under the supervision the Chief Draughtsman, Corby, Assoc. 
Am. Soc. E., and the Chief Engineer, Starrett, Am. 
Pearson, Am. Soc. E., was Chief Engineer 
when the building was commenced; and afterward and the 
present time, Consulting Engineer. 

Mr. Low was the Civil Engineer, and Mr. Mann the 
Mechanical Engineer, the building site, charge the work. 

Mr. Porter was the Architect the building, and Albert 
Carr, Assoc. Am. Soc. E., that time the company’s Principal 
Assistant Engineer, looked after the foundation work for the new 
building. Mr. Pearson, Chief Electrician for the company, 
superintended the wiring and switch-boards, and Mr. Brown was 
assistant Mr. Starrett during the construction part the work. 
All the work was done the office the company, except the design- 
ing the engines, generators and other machines. General and 
special features these were specified. large portion the struct- 
ural iron-work was designed under the supervision of, and checked by, 
Hoyt, Assoc. Am. Soc. E., and the remainder, includ- 
ing the coal pocket, the writer. 

Summary.—The station unique the following respects, least: 
the largest steam-power plant the world, and generates 
more power per square foot ground surface than any other. The 
power generated 0.94 H.-P. per square foot average, 1.47 
H.-P. maximum, for the building only; 0.70 H.-P. per square 
foot average, 1.10 H.-P. maximum, for the whole prop- 
erty, down the river. 

Everything proceeded smoothly, although somewhat slowly, 
frequently the case with such large piece work. Many the 
schemes adopted may criticised, but they were selected after care- 
ful consideration all available methods. Expense has not been 
spared. was the rule obtain the best, but cheaply pos- 
sible. Considerable attention has been paid the interior and 
exterior appearance. 

The writer much indebted the company for the use the 
photographs accompanying this paper, and Mr. Corby for reviewing 
the same and advising him the progress the work. 
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Discussion.* 
Messrs. and CHARLES SHERMAN. 


Past-President, Am. Soc. (by letter).— 
The writer has yet see structure for conveying water which will 
have same capacity after has been some time service had 
when new. There may some material which will not change its 
character, and upon which animal vegetable life will not grow, but 
the writer has not met with such material his experience. is, 
however, extremely dangerous generalize engineering matters. 
There are hardly two waters exactly alike chemical composition, 
and serious mistakes may made applying the results experi- 
ence from soft New England water hard, lime-carrying western 
water. The writer has often been informed that certain structures 
for conveying water have capacity the end several years 
they had when new, but closer examination has shown that the data 
were not sufficiently accurate settle the question. 

The experiments made large pipes, under the direction the 
writer, have already been referred Mr. Charles Sherman, 

*Continued from May, 1900, Proceedin See February, 1900, 


Charles Marx, Am. Soc. E.; Charles Wing, Assoc. 
and Leander Hoskins, E., this subject. 
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that unnecessary say much more regard them, except Mr. FitzGerald. 


add that the water was measured carefully weir, that the losses 
head were ascertained from observations extremely accurate mer- 
cury gauges, and that proper corrections were made working out 
the results. 

The writer has also made experiments the flow water through 
cement-lined pipes, and has been very much surprised find that 
there were large frictional losses, almost great those arising 
from old cast-iron pipes, and the only way can account for this 
that even cement-lined pipes not remain perfectly clean for 
indefinite time. 

For many years the writer has had charge the Cochituate and 
Sudbury Aqueducts and the determination their capacities, and 
has been very much impressed with the effect the the water 
due slimy growths the surface the brickwork. the case 
the Cochituate Aqueduct, the deposits slime and dirt are allowed 
collect the interior, they gradually give place growths 
Spongilla, and these are allowed accumulate, after year two, 
they become very hard, with long finger-like growths, which are 
serious obstructions the flow. With changes flow, this accumu- 
lated dirt the walls the aqueduct affects the quality the water, 
that, aside from the question friction, there also the important 
question the effect the quality. 

the case the Sudbury Aqueduct, has been found that, 
the surface the brick-work cleaned,'in the course year 
may accumulate sufficient slime diminish the maximum capacity 
about per cent. Some years ago the writer devised method 
cleaning, machine which worked pressure water. The 
machine was carried wheels with wooden tires, was provided with 
rotary brushes for cleaning the sides and bottom the aqueduct, and 
worked very effectively. movable shield front held the water 
back give the power. The machine was arranged clean 
height about ft. only, and since has become necessary run 
larger quantities water the aqueduct, the machine has been taken 
out, and the whole length now cleaned hand. This accom- 
plished number gangs men, provided with rubber boots, 
stable and rattan brooms, and takes about nineteen 
men clean mile aqueduct day. 

Current meter observations have been taken the flow the 
Sudbury Aqueduct, and the results have been extremely accurate 
and satisfactory. April 4th, 1899, with flow 000 000 galls. 
daily, the capacity the aqueduct was only 92.58% the tabulated 
capacity, and after cleaning May 29th, which time 000 000 
galls. per day were flowing, the capacity was the tabulated 
capacity. possible that, where aqueduct has been for long 
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time use without cleaning, this decrease carrying capacity may 
found even greater than per cent. The writer believes 
that the facts just cited are sufficient demonstrate the commercial 
advantages, under some conditions, keeping aqueduct clean, as, 
for instance, when its full capacity liable taxed. 

Mr. Kuichling states that vegetable and animal growths are not 
often found the bottoms pipes, and this agrees with the observa- 
tions the writer, but the latter has seen the invert the Sudbury 
Aqueduct almost completely covered with thick growth sponge. 

Mr. Meem has stated that doubtless shows that organisms 
require more, Mr. Whipple suggests, than that their food 
brought them, and they must also have lodging place,’ which 
probably furnished the steel and iron pipes the commencement 
connection with this matter, the writer desires state, 
that the growths all around the interior the new cast-iron pipes 
already alluded to, were the nature greasy scum, and, that 
when this was washed off, the coating the pipe underneath was 
bright when first laid. 

The writer recently had occasion lay cast-iron pipe having 
diameter ins., and 800 ft. length, inverted siphon. 
The reason for using this odd size was that was found more econom- 
ical use the outside moulds already prepared for making thick 
5-ft. pipe, and produce the thinner pipe, desired for the light 
pressures the siphon, increasing the size the core. 
effort was made lay this pipe with great care and make very 


tight joints. Under careful test the leakage was found average. 


only galls. per day for the whole length the pipe, 0.005 gall. 
per day per foot joint. The interior portions the joints were 
filled with Portland cement flush with the pipe and finished very 
smooth. The pipe was also given extra painting. this connec- 
tion, may interesting note that the average leakage per day 
per foot joint from the 48-in. distribution pipes recently laid 
the Metropolitan Water-Works was about galls. per day per foot 
joint. 

The results some experiments made determine the carrying 
capacity this siphon pipe gave value the Chezy formula 
149.6 for velocity 4.65 ft. per second and 154.3 for velocity 
6.51 ft. per second. The writer believes that this coefficient, 154.3, 
the highest ever recorded for cast-iron pipe, but there doubt 
his mind that the course about twenty years this will reduced 
tuberculation 100. 


The writer very glad that Professor Williams has drawn attention 
the necessity for some criterion other than the reputation the 
experimenter, and the apparent accuracy indicated the method 
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least squares, give some indication the reliability experi- Mr. Sherman. 


ments. The method used Professor Williams and Mr. Fenkell is, 
great value, indicating what experiments any series 
should rejected. involves, however, both needless assump- 
tion and unnecessary amount work its application. the 
logarithms the velocities plotted abscissas, with the logarithms 
losses head ordinates, straight line can then drawn 
represent the plotted points, without the laborious computation of, 


2 
even the necessity taking from diagram, the values the 


the use logarithmic cross-section paper, this 
plotting can done with great rapidity. 

especial advantage this method that does not require the 
assumption that the loss head varies the square the velocity: 
assumed only that this loss varies some unknown power 
the velocity. The criterion, that is, the comparison plotted points 
with the line representing the series, similar that proposed 
Professor Williams. 

This application the logarithmic diagram not new. far 
the writer knows, was first introduced this Society Desmond 
FitzGerald, Am. Soc. E., his paper Flow Water 
48-In. Mr. FitzGerald refers paper before the Royal 
Society for the origin this method. sure, not there noted 
particularly that this furnishes criterion for the acceptance rejec- 
tion particular experiments series, the method used 
the derivation exponential formula. The advantage the 
logarithmic diagram over that obtained plotting velocity heads 
can, perhaps, expressed better than Mr. FitzGerald’s words, 
Resistances not vary exactly the square the velocity, however 
much the text books may insist the contrary.” 


Transactions, Am. Soc. E., Vol. xxxv, 241. 
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THE FLOW WATER OVER DAMS. 


Discussion.* 


Am. Soc. E.—This paper may fairly 
regarded useful contribution the literature hydraulics, 
gives translation Bazin’s summary his recent experiments 
the flow water over weirs and dams various section, along 
with data obtained the Hydraulic Laboratory Cornell University 
relating the flow over number dams, both larger and differ- 
ent section from those used Bazin, and under much greater heads. 
The method conducting the experiments said laboratory appears 
have been similar general that which was followed Bazin, 
except that direct volumetric determinations the discharge were 
made, facilities for this purpose are yet available there. this 
account the calibration the large standard reference weir could 
done only assuming the accuracy some one the various exist- 
ing weir and, Bazin’s formula was not only the most 
recent one, but also purported consider fully the influence the 
height the standard weir above the bottom the channel 
approach, was accordingly selected the author best represent- 
ing the law discharge. 

Owing the various algebraic errors the paper originally 
submitted, becomes proper state here that the correct form 


from May, 1900, Proceedings. See March, 1900, Proceedings, for paper 
George Rafter, Am. Soc. E., this subject. 
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Bazin’s preferred formula, adapted measures English feet, for the Mr. Kuichling. 
flow over sharp-crested vertical weir with end contractions sup- 
pressed, 


and the observed head depth the water above the crest, 
measured distance m., 16.4 ft., above the weir, while 
the height the horizontal weir crest above the bottom the 
channel, and the length said crest the width the 
channel approach, which assumed uniform section, with 
vertical sides and horizontal bottom. Anapparatus this description 
called standard weir when provision made for the free admission 
air under the falling sheet water. 

should also remembered that this formula was established 
from comparative experiments with standard weirs different length 
and height, within rather limited range and with comparatively low 
heads. largest weir was only 6.56 ft. long and 3.72 ft. high, 
which maximum head about 1.0 ft. was account 
restricted volumetric capacity. For heads from 1.00 1.32 ft. was 
necessary for him reduce the length this weir one-half, 
3.28 ft.; and for heads from 1.32 1.77 ft., the latter length was 
again reduced one-half, 1.64 ft., while the height was reduced 
3.30 ft. reference the experiments made with the last-mentioned 
weir, Bazin states that was possible for the retardation friction 
against the side walls become appreciable small weir 
channel, the observations made therewith were used him only 
deduce the law increase the coefficient for heads greater than 
1,32 ft., whereas the more numerous and precise results furnished 
the two longer weirs served the basis for determining the discharge 
the standard weir. The computed values the coefficient for 
said longer weirs under the same heads 1.00 ft. were found 
agree quite closely, whence Bazin inferred that for moderate values 


the law the discharge per unit length the weir 
was not materially affected the length provided that the same 
was more than 3.0 ft., and that the curve obtained plotting the 
could fairly extended from 1.00 ft. toh 2.0 ft., governed 
somewhat shape the curve for given the shortest weir. 
Furthermore, find the effect varying the height 
standard weir, Bazin next compared the heads for known dis- 
charges over his longest weir, having 6.56 ft. and 3.72 ft., 
with those which were observed for the same discharges over four 
secondary standard weirs the same length but having heights 
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2.46, 1.64, 1.15 and 0.78 ft.; and also computed and plotted the 
values for each series experiments corresponding the 
different values The latter, however, did not exceed 1.48 
ft. the standard reference weir having Within these 
limits head and height, and the same length was found that 
the values the coefficient derived from experiment did not vary 
more than from those given the aforesaid expression 


except the case the lowest weir, were the value for small 
heads given the formula about more than found experi- 
ment, although such excess gradually zero the head 
increases 1.30 ft. 

Such the foundation Bazin’s formula for the discharge over 
standard weirs with suppressed end contractions and heads 
measured 16.4 ft. above the crest, and the question now arises 
whether can applied without material error, either the large 
standard weir the Hydraulic Laboratory Cornell University, where 
the length 16.0 ft., the height 13.13 ft., and the heads 
maximum 3.0 ft., were measured ft. above the crest, 
the author’s secondary standard weir the same place, where the 
length 6.53 ft., the height 5.26 ft., and the heads toa 
maximum 4.874 ft., were measured ft. above the crest. 

the absence direct experimental evidence, little further can 
said this subject except quote the remark the late Hamilton 
Smith, Jr., Am. E., made page 169 his classic treatise 
hydraulics, concluding his comparison the values the coef- 
ficient discharge for weirs different length and large heads, that 
speculations, though possibly ingenious and plausible, when 
tested with facts, generally prove very wide the truth.” 
While this remark was intended apply cases far beyond the 
limits accurate experiment, is, nevertheless, also pertinent 
some degree where such limits have been considerably exceeded, 
the present case; and hence will prudent suspend judgment 
about the accuracy the large discharges until the figures are 
properly corroborated. Under these circumstances, accordingly it, 
appears admissible indulge little speculation about Bazin’s 
formula for the coefficient 

this formula both the observed head and the height 
the weir above the bottom the uniform channel approach are 
taken into account, but the width the channel the length 
the weir omitted for the reason already given. Now, while the 
retardation the flow friction the sides the channel the 
vicinity the weir may negligible the case long weirs and small 


q 
| 
} J 
| 
| 
| 
7 
| | 
4 


DISCUSSION FLOW WATER OVER DAMS. 


servations the relative velocities thick sheets water that 
beyond such limit this lateral friction cannot disregarded; and 
hence rational formula general applicability should make the value 
the coefficient dependent also upon the channel width weir 
length thereby allowing the formula for the discharge over 
standard weir pass gradually with reducing value the height 
into that for uniform channel. This condition not embraced 
Bazin’s formula, will seen from the following consideration. 
When the height becomes very small relatively the head 
disappears entirely, the above formula for becomes practically 


1.55 (0.405 while that for the discharge 


obviously correspond with the formula for the flow uniform open 
channel. Taking for comparison this case the Chezy formula 
account its simplicity, will have for the same discharge: 
and replacing the section its equiva- 
lent the nomenclature the weir formula, and the hydraulic 


lhvh 


equating these two values which are manifestly alike, 


radius its equivalent there follows: 


ous result, being true only for particular values and when the 
value given. The inference is, therefore, justifiable that Bazin’s 
formula can only give correct results the neighborhood the 
experimental limits from which was derived, and that discordant 
results will probably found applied conditions consider- 
ably beyond said limits. 

may also mentioned that Bazin’s expression for attains 
minimum value for particular value with each value 
applying the usual mathematical process for maxima and minima 
said expression will found that for Bazin’s standard weir with 


8.723 ft., will become minimum 0.4245 for 0.814 ft. 
for the author’s experimental standard weir Cornell University, 
with 5.26 ft. will become minimum 0.4207 for 1.003 
ft.; and for the large standard weir the same place will become 
minimum 0.4137 for 1.765 ft. comparing these latter 
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Mr. Kuichling. 1.6, 2.0 and 3.0 ft., with those given the author Fig. con- 


siderable disagreement will noticed, whence numerical error has 
probably been made the computations. The text also 
indicates that the said values page 295 refer the experi- 
mental standard weir with 6.53 ft. and 5.26 ft.: but exam- 
ining the diagram discharge the large standard weir with 16.00 
ft. and 13.13 ft., page 301, will found that the same 
values were used given page 295 for the smaller 
weir; and such the case another slight error has been made the 
paper. The discrepancies the values just mentioned are 
exhibited Table No. 


TABLE No. 


For observed heads weir 


Author’s values coefficient for the 
experimental standard weir 6.56 ft. long and 


ft. high, are, per page 295............ 0.4174 0.4106 0.4094 
Valuesof computed writer from Bazin’s 
formula for same weir, 0.4207 0.4270 0.4879 


Values deduced writer from Bazin’s 
table Annales des Ponts Chaussées, 
1888, 446, for standard weir 1.60 


Beyond 
Table. 
Values computed writer from 
Bazin’s formula with ft., corre- 
sponding large standard weir Cornell 
0.4160 0.4189 0.4160 


The use the author’s experimental sharp-crested weir, 6.53 ft. 
long and 5.26 ft. high, has not been made Apparently, 
was built for the purpose calibrating the large standard weir, 
16.00 ft. long and 13.13 ft. high, but the author states explicitly 
page 296 that the reduction Experiments Nos. and 
(referring said two weirs) discharge curve was computed for the 
upper (large) weir for heads 1.97 ft., using Bazin’s formula,” 
not easy discover its significance unless find therefrom the com- 
parative values for large heads measured distance ft. 
above its crest. this event the experimental data would have been 
much interest, they would have established some degree the truth 
error Bazin’s formula when applied high heads, and 
hoped that the author will supplement his paper with such data. 
Another point interest the matter the proper distance above 
the weir dam which the head should measured, well 
the details such measurement; but this part the subject has been 
fully considered the discussion Gardner Williams, Am. 
Soc. E., further reference thereto may here omitted. 
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Am. E.—The remarks Mr. Williams, Mr. Fuertes. 


upon the lack methods for performing volumetric measurements 
the Hydraulic Laboratory Cornell University, are pertinent and 
justifiable; but must borne mind that the laboratory 
unfinished. There are, indeed, methods available, the spot, for 
more less accurate and direct volume measurements, but not the 
nature intended made the future, and for which, fortunately, 
topographical conditions lend themselves admirably measure almost 
any desired volume water. far, this laboratory huge 
engine, with possibilities. Its final suitableness question time 
and money. The speaker wishes impress upon engineers the fact 
that such laboratory exists; that its resources can extended un- 
limitedly, and that one the methods which will bring quickly 
the desirable conditions which Mr. Kuichling speaks enlist the 
good offices, the good-will and the aid the hydraulicians this 
country send problems solve, either under our own direction 
under the direction such visiting engineers may desire 
superintend the work. 

seems advisable say, however, that while Cornell University 
will everything that may possible with its personnel, equipment 
and other facilities for the progress hydraulic science, seems 
reasonable that such expense may necessary and may not 
covered the facilities the laboratory the time should 
defrayed the party seeking information. Nothing will stinted 
the part Cornell University. 


Rosert Esq. (by letter).—The results the Cornell ex- Mr. Horton. 


periments and those Bazin emphasize primarily the necessity 
using variable coefficient the weir formula, whenever the flow over 
irregular-crested dam tobecomputed. facilitate calculations 
this character, and thereby make the results these experiments 
more readily applicable practice, the accompanying diagram, 
Plate XXIX, has been prepared. Having selected the value the 
coefficient required for the given head and section, its value 
scaled off the line ordinates the left the diagram and 
traced horizontally its intersection with the transversal corre- 
sponding the head required; the projection this point inter- 
section the line abscissas will show the flow over the dam 
cubic feet per second for one lineal foot crest, without lateral con- 
tractions. 

The chief distinction between the experiments made Cornell 
University and those previous experimenters, including Bazin, lies 
the fact that the former were made dams, were, 
and extended through much wider range heads. This isillustrated 
Table No. 10, which shows the superior limit various experi- 
ments flow over sharp-crested weirs. 
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TABLE No. 10. 


istance stream 
from weir point 
measuring 
feet. 


Length crest 
experimental 
weir, feet. 


Limiting 


Name Date. eriments, 


eet. 


Poncelet and 1828 0.682 0.66 11.48 
9.995 6.00 
Hamilton Smith, Jr... 1.7327 2.586 7.6 
Fteley 1878 1.6038 6.0 
eee | 1886 1.77 6.56 16.40 
Cornell 1899 4.672 6.56 38.0 


Owing the limitations pointed out the author, the Cornell ex- 
periments were less elaborate regards minuteness detail than were 
those rule, only four five experimental coefficients 
were determined basis for plotting the mean coefficient curves. 
Bazin usually obtained twenty more experimental coefficients, 
within much narrower range variation head. The advantage 
repeating the experiments for head will not 
great, however, might first imagined, cases where the 
species nappe does not change. accordance with well-known 
law Least Squares, the precision the mean coefficient curve will 
proportional the square root the number observations 
represents. Quadrupling the number for each section would result 
dividing the numerical factor for precision two; moreover, the 
for each period the Cornell University experiments de- 
duced from the mean arelatively large number observed heads 
the weirs. This number, being more than twenty each case, 
great that any moderate increase the number would not have 
resulted proportional gain precision. examination the 
coefficient curves will show that, regards the individual coefficients, 
they appear more discordant when plotted than those Bazin. 

the design dams with depths sometimes great ft. 
their crests, there pressing need for data which will apply with 
reasonable degree accuracy. hoped that the Cornell 
experiments may extended the determination additional 
coefficients for intermediate heads, and experiments wider 
variety dam sections than was possible the time these experi- 
ments were made. Hitherto, engineers have generally the 
standard sharp-crested weir being the most reliable means measur- 
ing relatively small volumes flowing water. free nappe, which 
neither depressed, adherent, nor wetted underneath, represents the 
ideal condition, and might termed This 
condition, has been pointed out Bazin, very difficult attain- 
ment. Most the modifications which the nappe subjected 
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under different conditions are phenomena belonging comparatively 
low for many, not all, forms weir sections, the nappe 
undergoes these various metamorphoses with heads not exceeding from 
ft., and then settles down stable form which retained for 
all higher heads. These facts point the conclusion that weirs 
dams are best adapted for the measurement large streams water 
forming depths several feet their crests. 

Francis did not experiment with depths flow exceeding 1.6 ft., 
although computed discharge tables, means his formula, for 
heads ft., and, pointed out the author, the constant 
coefficient, 3.33, has commonly been applied for all heads, however 
great. The formula Bazin furnishes, perhaps, the most reliable 
means determining the flow over low weirs with slight heads, and, 
reducing the Cornell experiments, has been used basis for 
determining the flow over the standard sharp-crested weir. Referring 
Fig. will seen that, for heads from ft., the discharge 
coefficients deduced from the Cornell experiments Nos. and 21, for 
standard sharp-crested weir, remain nearly constant, varying only 
between the limits 3.350 and 3.284. The-average value 3.306, 
0.7% less than the constant value 3.33, assumed Francis, from 
series experimental coefficients varying from 3.31 3.35. Francis’ 
formula, therefore, practically verified for heads the limit 
the Cornell experiments, and its reasonable use, for any ordinary head 
sharp-crested weir, appears justified. 

greatly regretted that Bazin’s experiments were not con- 
ducted such scale make his coefficients legitimately applic- 
able American mill-dams. This they certainly are not, and, while 
they may serve useful purpose measuring the flow water 
small modules, the partition streams for irrigation purposes 
the Western States, yet their chief interest American engineers 
lies the large number facts which Bazin brought conspicuously 
before our attention, regarding the physica] phenomena accompanying 
flow over weirs. The value these results, qualitatively rather than 
quantitatively, can hardly overestimated. 

this connection, one two points may perhaps brought out 
more strongly than has been done Bazin publishing his original 
researches. order show the effect aprons varying batter 
slope, the discharge coefficient, Bazin’s Series, Nos. 136, 137, 141 
and 142 have been selected. The experimental coefficients for each 
series have been plotted, and curves have been drawn, intended 
fairly represent the experiments, shown Fig. 23. these 
experiments the nappe appears have adhered the crest through- 
out all but the very lowest heads, for which there may have been 
partial vacuum underneath the nappe, producing the short turn 
the base the first and second coefficient curves. each case the 
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coefficients increased gradually with the head, indicating that the 
effect the friction the long flat apron diminished proportion 
the head increased. This illustrates general statement which 
may made that, the head increases, the influence peculiarities 
the form the weir section, modifying the discharge co- 
efficient, becomes less and less significant, and, under excessively 
high heads, the coefficient curves for all cross-sections will tend 
converge. 

series coefficients for various heads, taken from Fig. 23, has 
been plotted slightly different form Fig. 22, using the coeffi- 
cients ordinates, and the slope batter the down-stream face 
abscissas. This brings prominently our notice the greatly dimin- 
ished discharging capacity dam with flat apron, well the 
tendency all the curves become tangent common asymptote 
under high heads. 

Comparing, the same manner before, Bazin’s Series Nos. 147, 
151, 153, 154 and 156, obtain the series coefficient curves shown 
Fig. 25. The cross-sections for these series are precisely like those 
shown Figs. and 23, except that, instead having vertical 
back, the up-stream face has batter horizontal vertical, and 
flat crest 0.67 ft. width. The forms the coefficient curves and 
the characteristics discharge appear completely modified. 
Starting with nearly the same coefficients for all series low heads, 
the coefficient curves diverge rapidly the limit the experiments. 
For low heads the influence the apron completely masked the 
effect the broad flat crest. 

number similar comparisons might made from Bazin’s ex- 
periments, but enough has been given show that general 
formula for flow over irregular section, using the slopes the 
faces and the breadth the crest independent variables, can de- 
duced; the coefficient curve for each combination must determined 
separately, although the way which any single element tends 
modify the discharge may readily pointed out. 

all the series experiments above discussed, the nappe retained 
sensibly stable form throughout the entire range the experiment, 
being attached the flat surface the apron each instance. The 
coefficient curves are continuous smooth lines. Where the nappe be- 
comes depressed, detached wetted underneath, during the progress 
the experiment, the resulting coefficient curve, mathematically con- 
sidered, will series discontinuous arcs, possibly disconnected, 
and terminating abruptly points d’arret, whenever the form the 
nappe changes. Four series coefficients, deduced Bazin, for 
weirs with variable nappes, are shown Fig. 26. The condition 
the nappe each instance indicated the diagram. For dam sec- 
tions like these the nappe may assume four distinct forms regards 
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its behavior with reference the down-stream face the weir, and, 
addition, may either adhere to, detached from, the crest. 
Either these conditions may occur combination with any the 
four previously mentioned, that simple permutation find that 
eight series discharge coefficients are possible for single form 
section. the other hand, there are many forms weirs, such, for 
example, that used Cornell experiment No. 19, for which the 
nappe adheres the crest and apron under all heads, and subject 
modifications whatever. Owing the permanence the 
nappe form, such section possesses some advantages over sharp- 
crested weir for use standard section making weir measure- 
ments. 


welcome addition the literature weir flow. About all that has 
been known this subject the present time what has been 
given the work Francis, Fteley and Stearns, and Bazin. 
Their experiments cover rather narrow range conditions, and 
hence the experiments carried out make substantial addi- 
tion our knowledge the subject. 

the method measuring the head upon the weir, Mr. Rafter 
has followed general the processes used the other experimenters, 
although details they are varied. The height above the crest 
the weir not taken direct observation upon the water surface, 
but observations the water surface glass gauges the side 
the channel. consequence, tedious and involved corrections must 
applied the readings obtained from one set piezometers 
order make them check with the results the others. This method 
introduces uncertainty the proper place the channel 
approach placing the inlet tubing, the manner access it, and 
the possibility eddies vitiating the results. doubtful holes 
bored round tubing will give correct record the head, inasmuch 
the orifice curved surface, when theory and experiment agree 
that the orifice should right angles the motion the water 
and through plane surface parallel therewith. The experiments 
Fteley and Stearns showed that the pressure near the up-stream side 
the weir varied materially fromthe bottom the top the channeland 
with the distance from the weir. necessary, therefore, that the 
tubing enter the channel up-stream from this region erratic 
pressures and, given case, not altogether certain just where 
these variations pressure cease. The author does not explain 
whether not any correction for capillary action the piezometer 
tube was made, nor the amount, such correction was made. 

seems the writer that the method Bazin preferable. 
provided recesses the side the channel where the actual surface 
the water could measured with hook gauge. undoubtedly 
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has the advantage avoiding the uncertainties mentioned. The Mr. 


author states that the readings the piezometers were taken 
mm., that is, within about 0.0066 ft. While error this amount 
consequence when large heads are being measured, becomes 
considerable importance the heads are small. 

From his experience with many weirs under varying conditions, the 
writer has found the use steel tape graduated hundredths 
foot very satisfactory. sharp-pointed plumb-bob attached 
the end the tape means wire hook. The measurement 
the surface the water taken from some well-defined point con- 
veniently located above the water surface. These readings are made 
thousandths, and ordinary work can made with certainty 


27. 


Head Weir, Feet 


within 0.005 ft. 


which closer than the readings the author’s 
piezometers. 


order illustrate the importance accurate measurements 
when small heads are upon the weir and the relative unimportance 


such accuracy for large heads, let take the ordinary Francis form- 
ula, considering only length ft. weir. 


Differentiate, and have: 
Now, the error any gauging when H-+ His taken the head, 
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instead the true head will the quantity dQ, and the ratio 
the error the true quantity will be, 

This formula gives the exact error His infinitessimal, and 
nearly correct value the error some very small quantity. 
Assuming 0.005 ft. the writer has the error for dif- 
ferent heads upon the weir. The results are shown Fig. 27, and are 
expressed percentages the true volume flowing. The heads 
are the left and the corresponding errors for the various heads 
the bottom the diagram. will observed that the head 
0.1 ft., the error 74%; the head ft., the error and 
the head ft., the error only 0.15 per cent. seems the 
writer, therefore, that the required degree precision could have 
been attained, and with greater certainty the final results, 
simpler and more direct method measuring the heads had been 
followed. 

probable, also, that some the irregularities the resulting 
coefficients are due the method observing the head. There 
apparent reason why the coefficients standard sharp-crested weir 
should increase both ways from minimum shown Fig. and 
probable that the same cause accounts for the peculiarities the 
coefficients Experiments Nos. and 16, whatever that cause 
may have been. 

The writer, agreeing with Professor Williams, unable under- 
stand the author’s use Bazin’s formula page 296. After having 
correctly found the volume the formula Bazin, apparently 
makes further correction for velocity approach, pages 298 and 

299. Even such correction were necessary, the reason not clear 

age value Fteley and Stearns. the writer understands Bazin’s 
formula, correction for velocity approach necessary, since that 
taken account already the formula and the coefficients given 
his table. 

This suggests what seems obscure point the discussion 
weirs most text books hydraulics. order use correctly 
any weir formula absolutely necessary use with the constants 
obtained direct experiment for that formula; and also neces- 
sary that all the attending conditions should the same those 
under which the constants were determined. One, therefore, cannot 
correctly apply the Francis constants when reducing for velocity 
approach the method adopted Fteley and Stearns, nor vice versa. 
similar manner, the Bazin constants are not directly applicable 


why the correction taken was given the aver- 
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the formulas obtained Francis, and Fteley and Stearns. 
text books had been more clear, there would have been less confusion 
regarding this point. 

the volume over astandard 16-ft. weir was not correctly obtained 
above indicated, the subsequent work based upon these results 
would need correcting. hoped that the results finally 
determined will affected error which possible 
eliminate. 

Since, basis the experiments performed Cornell, the whole 
subject weir flow under discussion, will probably instructive 
give summary the results some the deductions which the 
writer has made the work Francis, and Stearns, and Bazin. 

already stated, order obtain the most accurate results, 
necessary duplicate the conditions some weir for which coefficients 
have been determined volumetric measurement, and then use the 
same formula and the same coefficients derived that weir. 
matter fact, this seldom possible practice. The engineer 
thus forced resort some modified method which, his judgment, 
will give results most nearly correct under the circumstances. 

The writer has constructed recently about forty weirs various 
sorts, and not one them conforms any weir for which coefficients 
have been determined. Most these weirs are sewer outlets where 
the channel approach circular nearly so. all these weirs, 
with considerable head, the velocity approach exceeds that any 
upon which experiments have been conducted. While recognizing 
the desirability constructing weirs without end contractions, most 
cases has been practically impossible, and where could have been 
done, the cost precluded weir that form. 

close study, therefore, has been made the work these ex- 
perimenters, order, possible, discover method which would 
utilize the results all, when working with weir unlike any which 
had been calibrated. One the first things noticed was the fact that 
correcting for velocity approach, Bazin followed practically the 
method Francis, but with coefficient which gives larger correc- 
tion. There are two methods making this correction: The 


theoretical method Francis, which the effective head, H’, cor- 
rected for initial velocity the water 


and the empirical method used Fteley and Stearns, which the 
effective head 
which some numerical constant determined experiment. 


our Mr. Parmley. 
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Now, the correction for velocity approach, applied the 
coefficient for flow over weir where there velocity approach, 
adopted Bazin, 


K=1 + 0.55 Gra 


which identical form with formula, expressing the same thing, 
derived Hunking and Hart:* 


0.2489 


2 


2 


The value Bazin, differs only the numerical coefficient, 
and gives correction 2.2 times that the formula Hunking and 
Hart; but the values given the latter equation were found agree 
within one-two hundredth the results obtained the use 
the Francis formula for effective head, given above. thus appears 
that the correction for velocity approach, deduced Bazin for 
use the formulas for the weirs which experimented with, 2.2 
times the correction that Francis found necessary the formula the 
reduction his experiments. 

The ratio was derived from rectangular channels and for 
suppressed weirs, and is, therefore, the ratio the sectional area 
the water upon the weir the the water the channel 
approach. Adopt the notation represent this ratio and 
may then apply the results experiments upon suppressed weirs 
rectangular channels, weirs with end contractions channels 
ing any shape, provided the proper correction for end contraction 
made. The formula Francis, then, for suppressed weirs such 
height that there velocity approach, becomes 


and Bazin’s formula for the same case becomes 


which the coefficient where there velocity approach. 
Bazin’s formula, thus modified, not constant, found 
nearly the case with the limited number weirs experimented 
Francis, but varies from 3.59 for head 0.16 ft. 3.28 for 
head 1.969 ft., and the coefficient where the corrective term 
2.2 times that Francis, before stated. 
the few experiments Fteley and Stearns, the work 
Francis practically all that have bearing the subject the 


3 
2 


Journal the Franklin Institute, Vol. 118 (Aug., 1884), 121. 
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effect end contraction. 


vary from 0.06 0.12 the head, and their experiments are not ex- 
tensive enough for determine most cases just what correction 
make, the average correction Francis seems the most 
practicable value use, viz., 0.10 the head deducted from the 
length the weir for each end contraction. general formula for 


sharp-crested weirs, either suppressed contracted, may then 
written 


which the number end contractions and the coefficient 
obtained Bazin, since his experiments cover large number 


conditions. 


The values deduced Bazin, not fit exactly the work 
American experimenters, and investigation this point has been 


© =Coeflicients, Francis’ 10 ft. Weir with End Contractions, 5 ft. High 


o= “ “ “ 


3.600 


2ft. « 

, = “ 10 ft. Suppressed —_ 6 ft. High 
~ 3.500 += “ Petey and Stearns, 65 ft, « 3.17 ft. « 


10 11 18 LS 14 15 «416 «217 
midi on Weir in Feet. 


28. 


18 19 20 


made. The values C’, deduced from the experiments Francis, 


and Fteley and Stearns, after the correction for end contraction and 
velocity approach had been made, are plotted Fig. 28. The 
values Bazin, for the case end contraction and velocity 
approach, are also plotted. this manner the variations the 
results the experiments are set clearly before the eye. the 
curve seen that the values Bazin agree well with each other, 
but that uniformly gives higher values than either the 
other experimenters. order write formula capable covering, 
with fair degree accuracy, wide range conditions and still 
give proper weight the results all three authorities, values 


are taken from the curve which drawn intermediate 
position. 


Values for variations the ratio from 0.01 0.60 are 


shown Table No. 11, together with the values taken from the 
intermediate curve Fig. 28. 


was found Fteley and Stearns Mr. Parmley. 
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Mr. Parmley. TABLE No. THE COEFFICIENTS THE FORMULA 


The formula, then, with the aid the auxiliary table for and 
capable application sharp-crested weirs, with without 


Area water section channel approach; 
Ratio area weir section area section channel 
approach; 
Constant for given value 
f 
| 
0.01 0.31 0.10 3.580 
0.05 0.35 0.30 2.420 
0.06 0.35 3.400 
0.08 0.38 1.0794 0.45 3.376 
0.09 0.39 1.0837 0.50 3.368 
0.11, 0.41 0.60 3.358 
0.12 0.42 1.0970 0.65 3.354 
1.1017 0.70 3.351 
0.45 0.80 3.346 
0.16. 0.46 0.85 
0.18. 0.48 0.95 
0.19 1.00 3.334 
0.25 0.55 1.1664 1.60 
0.56 1.1725 1.70 3.296 
0.28 0.58 1.90 
0.29 0.59 1.1915 2.00 3.280 


end contractions, with any form channel approach and with 
great range the velocity approach, these corrections being 
applied separately, and provided for the coefficients the general 
formula. 

order make direct comparison the two methods reduc- 


ing for velocity approach, may consider any given quantity 
flow the two formulas. equating these expres- 


| 

q 

4 

4 
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sions for volume can obtain values the coefficients that will Mr. Parmley. 


satisfy the equation. Then let 


which 


or, 
But 


From the equation for given above, have 


0.55 


Substituting this value the equation for and then substi- 
tuting the value the equation for and reducing gives 


—1) 

Since, the second member the last equation, there are two 
variables, and which are given for any depth weir and any 
head upon the weir, the equation enables determine, after having 
found the volume the equation precisely what 
value would have been necessary use the formula 
ch)2 order obtain the same volume. 

Fig. shows the value for several weirs and heads given 
Fteley and Stearns* and the values for the same volumes flowing when 
and Stearns are shown broken lines, and those the latter formula 
solid lines. 

will seen that the values the two methods for weir ft. 
high are almost identical, but that for higher weirs, with consequently 
lower velocities approach, the values Fteley and Stearns are lower. 
the other hand, the Bazin formula with modified coefficients, 
the values increase the weirs become higher and the velocities 
approach become less. would seem that the latter condition 
the more reasonable since there appears more pressure head 


Transactions, Am. Soc. E., Jan., 1883, Table 22. 
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proportionately with low velocities immediately behind the weir than 
with greater initial velocities. also seems accord with other 
observations Fteley and Stearns which showed that the value 
greater for weirs with end contraction than for suppressed 
weirs. 
Whether not this true, the values the latter formula show 
law variation, since increases every instance with 
increase the height the weir, while the values given Fteley 
and Stearns for weir 1.7 ft. high are intermediate between those for 
weirs ft. and 0.5 ft. high; and for weir 2.6 ft. high they are less 
Comparison of Values of C as Calculated 
by Fteley and Stearns from Formula for 
Effective head, and 
Calculated from the Formula , 
and which the relation between 
25 and C is given by the equation 
2.0 
n 
1.0 


Values of C by Fteley and Stearns, shownthus —_ — 
“ Formula, Q=C’KL H* 


0.5 
Depths Weir, Feet. 
29. 


than those for any the others. Such results are anomalous, and 
seem show that the values derived their experiments were 
affected some peculiar condition which may not occur other 
eases. Table No. direct comparison the values 
shown for the cases having one more end contractions, given 
Fteley and Stearns.* The values are calculated the 
formula for given above. From this, together with the data 
the table Fteley and Stearns, comparison the velocity heads 
made, with the difference between them shown the last 
column. 


Transactions, Am. Soc. E., Vol. xii, Table No. pp. and 23. 
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TABLE No. VALUES THE FORMULA FOR EFFECT Mr. Parmley. 


35.4 —1) 


The calculations are based the weirs shown Transactions, Am. Soc. E., Vol. 
xii, Table No. III, pp. and 23. 


STEARNS, AND GIVEN THE FORMULA 


| 


ag og Oo. Com. ea Lo 
2S 28 n = 
o 
0.8612 2.26 2.08 0.0132 0.0058 0.0065 0.0007 
0.8062 *2.00 2.08 0.0040 0.0020 0.0020 0.0000 


Value used determine effective depth weir, and not the result experiment. 


the last column differences will observed that the values 
calculated are within the limits error making the observa- 
tion the head upon the weir, and this fact, together with the prob- 
ability that some small errors readings were made Fteley and 
Stearns, seems make the calculated value practically exact 
any given case. 

test the preceding work still further, and possible remove 
any doubt there may its reliability, the volumes discharge 
have been calculated for the various experiments made Francis, 
and Fteley and Stearns, that these calculated volumes could 
compared with the volumes obtained them from direct volumetric 
measurement. These results, together with the percentage varia- 


tion from measured volumes, are shown Tables Nos. 
17. 
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TABLE No. FRANCIS. 


Case I.—Length weir, 9.997 ft.; width channel above weir, 


13.96 ft.; mean depth channel below crest weir, ft., above 
weir, 5.048 ft. 


(Mean Nos.). head. feet. cubic feet. 
| } 

0.63823 | 16.777 16,942 1.010 
0.65525 17.4805 17.612 1,010 
11, 17, 18, 19, 24, 31, 32, 0.9701 1.007 


Case conditions Case except that weir was 
divided into two bays central partition ft. wide. Each result- 
ing weir, 3.999 ft. long. 


Case 9.997 ft. long; complete end contraction; depth 
channel below crest weir, 2.014 width channel, 13.96 ft. 


79, 80, 81, 82, 88, 1.015 


17.60 


Case IV.—Same conditions Case IIT, except that the weir was 


divided into two bays central partition ft. wide, thus making 
two weirs each 3.999 ft. long. 


Case V.—Suppressed weir, 9.995 ft. long; width channel, 9.992 
ft.; depth below crest weir, 5.048 ft. 


44, 45, 46, 47, 48, 49, 50.......... 0.9790 82.751 


J 

i 
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TABLE No. AND STEARNS. Mr. Parmley. 


Sharp-crested weir with end contractions suppressed; weir 3.17 


ft. high above bottom channel; rectangular channel approach. 
Experiment. weir. head. cubic feet. cubic feet. 
4.999 5.199 5.257 
0.3407 3.3540 3.402 1.014 
0.1444 0.9681 1,022 
4.996 0.0746 0.3652 0.3648 0.999 
TABLE No. 15. 
Sharp-crested weir with end contractions suppressed; weir 18.996 
ft. long and 6.55 ft. high above bottom channel. 
Experiment. head. cubic feet. cubic feet. 
0.9873 62.061 1.011 


TABLE No. 16. 


Experiments weirs channel ft. wide, and with height 
weirs 3.56 above bottom channel; dimensions weirs shown 


the table: 


| b DISTANCE FROM SIDE OF CHANNEL 
form weir. weir. 
Northside. South side. 

4.0 1.0 0.0 
3.0 1.0 1.0 


va 
| 
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Mr. Parmley. TABLE No. 17. 


Experiment. weir feet. cubic feet. cubic feet. 
No. 16. 


| 


=> 


= 


— 


Mean 46, 
48 


Cw 


4 


thus seen that the formula, when applied the experiments 
Francis, and Fteley and Stearns, agrees within about 1%, usually, 
even through very wide range conditions. For the most part, the 
formula gives results too large for these experiments. applied 
the work Bazin, the other hand, the results for small heads will 
found too small about the same percentage, and for larger 
heads the error approaches zero. The formula, with the coefficients 


they stand, gives about equal weight the work all these 


| 
Number 
0.2155 
0.3942 
0.3944 
0.4498 
0.981 
0.5477 
0.6011 
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experimenters, and may therefore used with good deal confidence Mr. 


cases where the conditions are not exactly like those weirs 
actually tested. general, will noticed that the percentage 
variation greater for small depths than for large depths the weir. 
As, for small heads, the experimental errors are also proportionately 
greater, the errors the formula are less consequence than they 
would they increased with the depth the weir. 

serious difficulty with the method calculating the effective 
head the formula the fact that the value varies, 
not only with the varying head, but with every depth weir, and, 
Fteley and Stearns found, with the condition end contraction. 
This difficulty part obviated the foregoing process. 

the writer’s mind, the conclusion drawn from the forego- 
ing discussion that the methods adopted Francis and Bazin 
when investigating the effect velocity approach are preferable 
the method used Fteley and Stearns. This conclusion seems 
confirmed the fact that possible write single formula, with 
supplemental table values depending the head upon the 
weir, and atable values depending the relative areas 
water section the weir and the channel approach, which will 
give results nearly approximating the true quantities discharge for 
very wide range conditions. 

hoped that the experiments, well begun Cornell 
University, may continued until the subject weir flow taken 
out the cloud uncertainty which present enveloped. 


Parmley. 


engineers, whose practice has shown them the difficulties and uncer- 
tainties involved the determination the flow water over dams 
practical form and dimensions, will ever fully realize the great 
service rendered the profession the experiments Bazin and 
those made for the Board Engineers Deep Waterways 
the author, the Cornell Hydraulic Laboratory. 

The Cornell experiments are presented practical and useful 
form and admit easy and direct application the solution 
questions concerning the flow water over dams, met with every- 
day practice the working engineer. 

Early the course recent investigation determine the 
probable effect the construction several large dams the 
Tennessee River, for the producing slack-water navigation, 
the writer recognized the inapplicability the existing published 
data, based small-scale experiments, and made systematic effort 
secure information more practical nature, founded actual 
observations the over existing dams. His efforts this direc- 
tion, which comprised study the available literature thé 
subject, and correspondence with many the most eminent hydraulic 
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engineers this country and Europe, met with small success, and 
exhibited the paucity exact knowledge this nature. 

The best results obtained, relating the free discharge into air, 
were follows: 

(1) From Dwight Porter, Am. Soc. E., five observations, 
made 1894 two students the Massachusetts Institute Tech- 
nology, the flow over dam the Blackstone River, Albion, 
Mass. The dam 217 ft. long, with longitudinal timber crest 
ins. wide; the lower face vertical, and the upper face covered with 
rip-rap stone, sloping about 30° with the horizontal; the height 
the dam about ft. The discharge was measured meter 
section 500 ft. below the dam. The head was measured hook 
gauge, located ft. above the crest the dam. 

These observations when applied the Bazin formula 


which represents the coefficient discharge, the crest length 


the dam and the observed head, give the values for the coefficient 
shown Table No. 18. 


TABLE No. 18. 


Observed 

Observation. head, Coefficient 
feet. 

0.735 

0.867 0.441 

0.829 

0.973 0.491 

1.025 0.470 


Concerning these results, Professor Porter says: ‘‘The 
are sufficiently high and discordant unsafe for acceptance 
unless otherwise confirmed.” 

(2) From Bixby, Am. Soc. E., Major, Corps Engi- 
neers, A., four observations the flow over dams the 
Muskingum River, Ohio. The discharge was obtained carefully 
sounding the area section 500 ft. above each dam, and measuring 
the velocity floats. The mean velocity was deduced from 
the observed, the formula given Johnson’s Surveying.” 

The dams are constructed timber cribs, filled with stone, and 
have planked sloping crests. The upper face ft. long, with 
slope ft. The lower face ft. long, with slope ft.* 


The Engineering Record, March 8th, 1890, page 216. 
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Table No. gives the results these observations. 


TABLE No. 19. 


848 12.6 118 2.333 8.00 2.86 0.551 
535 15.9 360 559 3.045 6.70 4.66 0.589 
472 14.2 230 015 2.558 7.00 4.40 0.600 
515 16.0 330 310 3.044 5.16 5.90 0.376 


Clarke, Am. Soc. E., gives certain results* concerning 
the flow over dam the Ottawa River, from which the following 
abstracted. The dam ft. high, built stone-filled timber cribs, 
with upper and lower faces planked and sloping horizontal 
vertical. The data are shown Table No. 20. 


TABLE No. 20. 


Length, feet. |Depth crest, feet Discharge, Coefficient the 


per second. Bazin formula. 
600 2.5 000 0.512 
760 10.0 


190 000 


paper read before the American Society Mechanical Engi- 
neers 1897, Professor Carpenter, Cornell University, gave 
the results number observations made him the Bridgeport 
Pumping Station, Chicago, the flow over vertical ft. long 
and 8.7 ft. high, with sharp crest. 

The discharge was measured carefully conducted rod float 
observations, and checked the known capacity the basin. After 
correcting for two end contractions, Professor Carpenter gives the 
shown Table No. 21. 


TABLE No. 21. 


Observed heads, velocity 


Coefficient Francis’ 3.609) 3.577 


Transactions, Am. Soc. E., Vol. xxxiv, page 508. 
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The given the Massachusetts Institute Technology 
observations and the Muskingum River observations have been plotted 
the diagram, Fig. 30, comparison with Bazin’s Series No. 178; 
and appear justify the early conclusions drawn from the Bazin 
experiments, that for weirs with sloping faces, the coefficients increase 
with the head. When, however, compare these coefficients with 
the Cornell experiments, which Series No. taken type, and 
shown Fig. 30, are met complications which give rise just 
doubts the accuracy the observations question, the appli- 
cability experiments, even the large scale those carried out 
Cornell, the flow over structures differing shape and dimensions 
from the experimental forms. While both causes may combine 
produce the apparent discrepancies, the former doubtless the leading 


Coefficient (m)in Bazins Formula 


30. 


The practical solution most questions concerning the free flow 
over weirs and dams the usual forms rendered comparatively easy 
and simple the experiments recorded this paper. The solution 
questions concerning the flow over submerged drowned weirs 
still, however, involved doubt and uncertainty, although the recent 
experiments Bazin. covering this form flow, have added greatly 
our knowledge, and afford basis for comprehensive study, which 
will doubtless eventually lead better, not complete, under- 
standing the governing principles. knowledge this form 
flow, which relatively less importance engineers general than 
free flow, nevertheless essential the study various 
engineering problems. 


factor. 
nr 
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The experiments Francis, Fteley and Stearns, Bazin, and others, Mr. 
have determined, within the limits their experiments, the law 
variation the coefficient discharge for submerged flow over sharp- 
crested vertical weirs. The results and the deductions from the 
experiments Francis, and Fteley and Stearns, are found the 
Transactions this Society,* all which reference made. Bazin 
has applied the results his experiments submerged flow over 
weirs with sharp crests, thin partition, the same formula used 
for free discharge into air, 


and has deduced the two expressions (Equations and 12, page 270), 
for the coefficient discharge these equations (11 and 12) 
represents the coefficient free discharge for similar weir the 
same height, with the same depth water the pool above the 
weir the crest. The depth the water the pool below the weir 
the crest represented represents the height the 
weir, and —h, the difference level the water surface 
above and below the weir. These expressions, connection with the 
well-determined coefficients free discharge given Table No. 
afford easy and safe means obtaining the coefficient for submerged 
flow for the conditions and limits comprised Bazin’s experiments, 
Series Nos. 85, 4th article, 1894. 

his 5th article, 1896, Bazin treats the submerged flow over 
vertical weirs with flat crests (deversoirs poutrelles), made square 
timbers the same width the crest. Concerning these experiments 
says: 


Independent the experiments have just studied (experiments 
the free flow over similar weirs), there have been made, raising the 
level the water surface below the weirs, four other series, weirs 
0.75 (2.46 ft.) and 0.35 (1.15 ft.) high above the bed the chan- 
nel, with crests 0.2) (0.66 ft.) and 0.10 (0.33 ft.) wide. 

They are entirely analogous those which were made vertical 
weirs thin partitiont (Series 85), and exactly the same methods 
have been followed measuring the discharge, pressure, etc. 

The discharge was regulated correspond constant heads 
1.148 ft., 1.312 ft.), the standard weir comparison. When the 
discharge corresponding given head became constant, then the 
level the water surface below the weir was successively changed 
0.04p, 0.08p, ete. weir), both above and below 
the crest, was done the similar experiments weirs thin par- 
tition. Finally, similar series was executed vertical weir 
(6.56 ft.) 

Transactions, Am. Soc. E., Volumes xii, xiii and xiv. 


his articles Bazin refers weirs similar form his standard weir, weirs 
thin partition (Déversoirs mince paroi). weirs are made horizontal 
timbers about ins. square, the crest being formed iron plate in. thick, the 
prolongation the back the weir and extending ins. above the timbers. 

other form, with sharp crest, Series 195, 196 and 197, designates weirs 
with sharp crest vive 
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Bazin’s Nos. 120 123. 


Nappe wetted underneath, with water retained pool below weir. 
Description weirs under observation: Height, 0.75 2.46 ft. 
and 0.35 1.15 ft. Crests, 0.20 0.66 ft. and 0.10 0.33 
ft. wide. Length, 2.0 6.56 ft. 

Dimensions standard weir used for measuring the discharge: 


Height, 1.135 3.72 ft. Length, 2.0 6.56 ft. 


| On | @ ls On weir | On o 2 
| ~ } 
| 
5 | 0.854 0.824 | +0.104 0.4034 
6 | 0.861 0.629  +0.189 0.4021 
Bazin’s Series 7 | 0,862 0.828 | +0.193 0.4009 
" No. 120. 8 0.867 0.830 | +0.290 0.3981 
0.861 0.812 +0.419 0.3905 
13 1.131 0.819  -+0.980 0.2621 
2 0.394 0.335 —0.097 0.3391 1 0.979 0.998  —0.288 0.4386 
4 0.392 0.3382 | 191 0.3378 3 0.987 0.995 | —0.199 0.4316 
5 0.402 0.881 | +-0.294 0.3241 qd 0.984 0.985 | 0.000 0.4266 
0.447 0.331 +0.392 0.2758 0.990 0.982 0.4207 
7 0.589 0.333 | +0.494 0.2100 6 1.000 0,989 +0294 0.4191 
0.548 0.496 —0.392 1.005 0.988 0.4151 
0.550 0.496 —0.200 0.3671 1,006 0.4088 
3 0.549 0.489 | +0.000 0.3602 10 1.014 0.991 | +0.492 0.4112 
4 0.558 0.498 +0.098 0.3605 11 1,020 0.984 +0.588 0.4034 
5 0.552 0.484 | +0.187 0.3525 12 1.024 0.987 | +0.595 0.4084 
6 0.569 C.498 | +0.296 0.3502 13 1,046 0.988 | -+0.658 6.3917 
8 0.605 0.498 | -+0.490 0.3194 15 1.158 0.988 +0 .887 0.3318 
9 0.680 0.492 +0.589 0.2629 16 1.226 0.994 | +0.980 0.3111 
10 0.760 0.498 -+-0.686 0.2269 17 1,288 0.988  +1.082 0.2862 
| 18 1,358 0.992 , +1.182 0.2657 
0.701 0.657 —0.197 0.3858 1.111 1.157 —0.584 
3 0.710 0.660 —0.001 0.3810 2 Li 1,158 | —0.397 0.4507 
4 0.717 0.662 | +6.199 0.3774 3 1.118 1.153 | —0.1938 0.4467 
0.723 0.3740 1.127 1,149 +0.196 0.4414 
| 0.722 0.655 +0.388 3683 6 1,130 1.148 | -+0.293 0.4378 
0.742 +0.492 0.3589 1.142 1.157 +0.390 0.4346 
0.909 0.658 0.2621 1.156 1,152 +0.588 0.4251 
1.158 1.150 +0.593 0.4227 
0.842 0.826 0.4126 1.172 1,151 0.4158 
2 0.841 0.818 | —0.395 0.4077 13 1,174 1.154 | +0.690 0.4158 
3 0.846 0.823  —0.198 0.4081 14 1.211 | 1.150 | +0.788 0.3955 
4 0.852 0.825 | —0.004 | 0.4058 15 1.279 | 1.153 | +0.881 0.3653 


4 
q 
4 
} 
i 
4 
| 
| 
q 


| 
| 


Bazin’s Series 
No. 121. 


o 


(3) (4) 
1.151 
1.312 —().394 
1.317 —0.198 
1.316 
1.313 0.195 
1.308 0.597 
1.308 0.490 
1.312 0.590 
1.317 +0.687 
1.315 
1.314 
1.315 
1.314 
1.320 


y 


0.329 

0.330 

0.331 
0.331 
0.492 
0.498 
0.495 
0.273 
9.494 
0.494 
0.498 0.557 
0.494 0.647 
0.660 
0.659 
0.660 
0.658 
0.661 
0.661 0.742 
0.657 
0.658 
0.824 
.281 
0.829 
0.828 
0.819 


0.3760 
0.3714 
0.3632 
0.3604 


WOH HOCDNS 
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(3) 
1,112 
1,189 
0.986 
0.968 0.991 
0.986 
0.979 0.987 
0.988 
0.989 
1,047 0.985 
0.992 
1,177 0.989 
0.989 
1.314 0.984 
1.093 1,147 
1.100 1,150 
1.105 
1.115 1.152 
1.150 
1,158 1.152 
1,168 1,147 
1,187 
1.255 1.150 
1.315 
1.381 1,151 
1,316 

1.257 1.315 
1.268 1.309 
1,294 
1.344 1.311 
1.371 
1,398 1,312 
1.453 
1,478 
1.474 
1.395 1.485 
1,405 1.477 
1.441 1.476 
1,495 1.478 
1.542 1.478 
1.587 1.477 


OVER DAMS. 


+ 


oS 


0.3700 
0.2994 
0.2710 


0.4400 
0.4377 
0.4269 
0.4173 
0.4067 
0.3894 
0.3289 
0.3007 


Series 


No. 122. 
0.360 0.330 
0.358 
0.361 
0.371 0.330 
0.376 
0.495 
0.495 
0.504 0.494 
0.495 


Mr. 


>0/€6< 5 | 
| | 0.3395 | 13 0.3051 
+1.294 0.3479 
| 0.3987 |) 2:33, 
0.000 
0.4111 
| 


(4) 

—U, 
—0. 
—0, 
—0, 
—0, 
+0: 
+0. 
+0. 
+0. 
+1,01 
+0 
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comparison 
feet. 


Description 
weir under 
consideration. 
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the experiments with weirs thin partition, have had 
recourse Equations and (page 270) deduce the value 
the coefficient but the presence the sill introduces such compli- 
cations that these equations are longer perfectly applicable. The 
constants, which appear the equations, vary greatly with the 
head and width crest, that becomes impossible establish 
simple and practical formula. 

must, therefore, content with general réswmé 
table showing the heads the four weirs under consideration, corre- 
sponding constant discharges and varying elevation the water 
surface below the weirs. The corresponding head, where the flow 
not affected the retained water, also shown.” 

see that for the same discharge the heads vary notably from 
one weir the other. ‘The question singularly complicated the 
detachment the nappe, which leaves the sill when the head attains 
certain limits depending the width the crest. The head and 
coefficient are then modified suddenly. This limit depends the 
height the retained water, and not the same, even under fixed con- 
ditions. cannot. therefore, establish precise formulas the 
more simple case the flow over weirs thin partition.” 


No. 124. 


Nappe wetted underneath, with water retained pool below weir. 
Height weir under observation, 0.75 2.46 ft. Width crest, 
6.56 ft. Length, 2.0 6.56 ft. 

Height standard weir comparison, 0.75 2.46 ft. Length, 
2.0 6.56 ft. 


Series 


| 


| 
| 
| 
| 


4 


- | 
| 
7 
> 
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his 6th and last article Bazin discusses the flow over submerged Mr. Nelles. 


weirs, with sloping faces and crests different widths and forms, and 
gives the results series, consisting 724 individual observations. 
The methods used were similar those already described for weirs 
squared timbers (beam weirs). Bazin says these experiments: 


now remains terminate that which concerns the flow over 
weirs with sloping faces describing the experiments made with 
water retained below the weirs. 


form series, three weirs with sharp crest, seven 


weirs with crest 0.20 ft.) wide, one weirs with crest 0.40 
(1.32 ft.) wide.” 


Nos. 195 197. 


Nappe wetted underneath, with water retained pool below weir. 

Description weirs under observation: Height, 0.75 2.46 ft. 
Length, 2.0 6.56 ft. Crest sharp. Upper face vertical, lower 
face sloping. 

Dimensions standard weir used for measuring the discharge: 
Height, 1.135 3.72 ft. Length, 2.0 6.56 ft. 


(h) (H) (h) (H) 
0.600 0.653 —0.391 
0.620 0.654 0.006 0.4619 
0.674 0.654 0.4077 
0.3617 
0.331 0.3492 0.758 0.812 —0.002 0.4722 
0.844 0.815 0.4041 
0.452 0.490 —0.396 0.4808 0.863 0.813 
0.465 0.489 —0.004 0.4612 0.818 789 0.3041 
0.533 0.495 .199 0.886 0.973 —0.385 0.4906 
0.556 0.500 0.3655 0.901 0.988 —0.199 0.4905 
0.941 0.984 0.4567 


’ 
| 
| 
| 
7 
| 
S 
q 
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0.655 


. 


(3) 
146 
0.983 
1,119 1.152 
1.131 
1.147 1.148 
1.146 
1,199 1.146 
1.149 
1,287 
1,358 1.147 
1.414 1.153 
1,281 1,313 
1.330 1.306 
1.311 
1.390 
1.434 


0.594 
0.697 


0.557 


Bazin’s Series No. 197. 


0.355 0.325 
0.384 
0.454 
0.595 0.327 
0.527 0.491 
0.552 0.494 
0.595 0.491 
0.675 0.491 
0.751 0.490 
0.698 0.655 
711 0.655 
0.750 0.652 
0.653 
0.894 0.653 
0.967 
0.815 
0.812 
0.910 0.812 
0.810 
0.818 
1.047 0.809 
1,192 0.815 
0.985 
1.042 
1.077 0.986 
1.170 
0.981 
0.986 
216 1.149 
232 1.172 
1.146 
1.146 
1.146 
1.304 
1,31 
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1.309 1.307 0.393 0.4274 
5to1 
Bazin’s Series No. 196. 
| q 
0.397 0.3620 
0.360 0.323 0.3702 
0.659 +0.492 0.3558 0.690 0.3874 
-988 
0.819 0.000 1.084 0.2967 
0.817 0.4078 +0.792 0.3921 
1.279 


0.35 1.15 ft. 


Length 2.0 6.56 ft. 
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Nos. 198 208. 


Height 0.75 


709 


Nappe wetted underneath, with water retained pool below weir. 
Description weirs under observation: 


2.46 ft. 


Crest 0.20 0.66 


wide. Upper and lower faces inclined. 
Bazin’s Series No. 198. 1,092 0.4601 
1.281 1.148 0.97 0.3612 
5 01559 0.495 | 408 0.3550 12 1.827 1.309 1.088 0.3685 
0.723 0.661 +0.509 0.3717 Series No. 199. 
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(4) (5) (1) (2) (3) (4) (5) 

. -4202 .616 

+0.367 0.590 0.496 +0.490 0.3299 

+0.646 0.666 0.496 0.2743 

+0.563 0.4865 0.887 0.815 0.389 0.4080 
0.4499 0.880 0.819 686 0.3818 
26 . 

0.978 0.979 0.387 0.4252 


| 
0.824 0.657 
0.903 0.655 
0.989 0.660 
0.806 0.821 
0.799 0.811 
0.809 0.810 
0.827 0.821 
0.820 
0.815 
0.813 
0.947 0.817 
1.018 0.811 
1.094 0.814 
0.983 
0.941 0.985 
0.944 0.980 
0.960 0.980 
0.976 0.981 
0.993 
1.019 0.979 
0.978 
1,146 0.976 
1.150 
1.147 
1,159 
1.147 
1.149 
1.150 
1.146 
1.150 
1.309 
1.316 
1.320 
1.469 
1.478 
1.475 
1.474 
1.476 
1.476 
0.66 
Y 
0.386 0.335 
0.385 0.330 


COT 


CORO 


ao 


0.551 


> for} 


0.4507 
0.4496 
0.4501 
0.4261 
0.4128 
0.4011 


0.3600 
0.3566 
0.3085 


0.3817 
0.3799 
0.3765 
0.3691 
0.3644 
0.3525 


0.3094 
0.2112 


0.4051 
0.4034 
0.4037 
0.3964 
0.8744 
0.3772 
0.3687 
0.3692 
0.3480 


wore 


0.847 


on 


wd 
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0.4269 


0.4219 


0.4095 
0.4102 
0.4046 


0.3739 


0.3335 
0.3269 
0.3016 


0.4661 
0.4602 
0.4541 
0.4474 
0.4419 
0.3953 
0.3789 


Mr. Nelles. 
296 0.888 
5 | 
| 0.565 2 1.306 | -+0.655 0.4781 
| 0.657 3 1.313 | .739 0.4757 
9 1,329 1,308 1.120 0.4146 
358 0.565 18 1,508 1.304 +1.314 0.3455 
144 0.613 


(3) 


Bazin’s Series No. 202. 


(2) 
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0.4176 
0.4159 
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Mr. Nelles. 
0.823 +0.686 0.3828 
0/66 | 0.832 +1.092 
1-4 
0.383 0.328 +0.290 0.3442 0.992 411184 02897 
0.684 0.506 0.2725 1.168 0.3504 
0.736 0.665 0.588 0.3644 0.4810 
0.861 0.661 1.180 0.3998 
0.923 0.665 0.842 0.2609 1.279 0.3738 
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(3) 


Bazin’s Series No. 203. 


SS 


we 
one 


4.8 


2 


Bazin’s Series No. 20h, 


0.986 


= 


ess 


= 


0.186 0.3505 0.3459 
| 
. pe 
316 0.4182 1.310 1.276 
316 1.068 0.4134 
318 1.181 0.3990 
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No. 205. 


Nappe wetted underneath, with water retained pool below weir. 
Description weir under observation: Height, 0.75 2.46 ft. 


Length, 2.0 6.56 ft. Crest, 0.40 1.31 ft. wide. Both faces 
inclined. 


Bazin’s Series No. 


ow 


COD 


3 


have already shown, discussing the similar experiments 
beam weirs, that the size the crest completely modifies the effect 
the retained water. Thus, for weirs thin partition, the effect the 
retained water manifest before reaches the level the crest, while 
for weirs with wide crest, the effect not noticeable until the level 
the retained water above the crest. order show the results 
the preceding experiments comprehensive manner, have pre- 
pared the following tables, which show for the same discharge and for 
varying elevations the retained water, the corresponding heads 
the weirs under experiment. 

some anomalies, the tables show that the 
the retained water hardly sensible long its height above the 
crest less than one-half the head When consider Series 205, 
which the crest 0.40 (1.31 ft.) wide, seen that the influ- 
ence the retained water not appreciable until attains height 
two-thirds the head.” 


0.956 0.819 0.884 
1.029 0.814 0.986 0.2997 
1.226 0.814 1,183 0.2309 
0.709 0.495 1,247 +1.178 0.2997 
1.345 0.887 0.2684 
0.658 0.741 0.3220 1.258 1,081 0.3697 
0.900 0.816 +0.394 0.3681 1.413 1.311 0.3830 
4 
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TABLE SHOWING THE CoRRESPONDING THE SAME DISCHARGE OVER Mr. Nelles. 
WEIRS WITH SHARP CRESTS AND SLOPING FoR 
VATIONS THE SURFACE THE WATER RETAINED BELOW WEIR. 


HEAD, FEET, THE WEIRS UNDER CONSIDERATION. (h.) 


Height the water surface below the weirs, below above the 
level the crest. (h,) 


| 


Head 
weir comparison. 
Head when the dis- 
charge not affected 
the retained water. 


2 D> 


0.722 0.810 0.810 Series No. 195. 

1.302 1.355 1.470 


0.702 0.797 0.797 No. 196. 


1.136 | 1.168 2 1.348 face 2 to 1. 


0.699 | 0.745 -889 | 0.889 y | Series No. 197. 
1.368 1.368 1.404 


0.68 


TaBLE SHOWING THE CORRESPONDING THE SAME DISCHARGE 
OVER WEIRS WITH FT. WIDE, AND SLOPING 
FOR VARIOUS ELEVATIONS THE SURFACE THE RETAINED WATER. 


0.653 | 0.653 F 
lower face in- 


0.843 


O 
We 


o 


Series No. 200. 
face in- 

clined, 
lower face in- 
clined, 


a 


for) 


Series No. 202. 
face in- 

clined, 
lower face in- 
clined, 


= 


© 


Series No. 203. 
Upper face in- 
clined, 
lower face in- 
clined, 


i 
o~ 


20h. 

per face in- 
lower face in- 
clined, 


eee 
‘ ese 


oun 


1.312 
0.656 
> 
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From consideration the foregoing and other experiments 
the flow over submerged weirs, the writer impressed with the idea 
that the usual laboratory methods are some extent defective and 
misleading, that the conditions are artificial, and differ, except for 
the rare case flow into reservoir, from those met actual prac- 
tice. the laboratory experiments, the level the backwater 
regulated impeding the flow away from the weir, and decreasing 
the velocity departure; whereas, practice, the usual case 
dam in,a flowing stream, the conditions are natural, and the height 
the water surface below and the fall over the dam depend upon the 
quantity water passing. not unlikely that some the discrep- 
ancies hereafter noted are due this cause. 

The most common use which engineers apply the theory and 
formulas for the flow over submerged dams connection with the 
slack-water improvement rivers, for the determination the effect 
the damsin raising the water surface above them, and for the determi- 
nation the fall the dams, order fix the height the lock 
walls and the stage which navigation over the dam itself will 
become possible. 

number formulas have been proposed for this purpose. That 
which most generally used based the theory that the flow 
above the level the lower pool similar free discharge into air, 
and that the usual weir formulas for such discharge are applicable for 
its determination. The flow between the level the lower pool and 
the crest the dam considered similar that from submerged 
orifice, and determined the recognized formulas for such flow. 
combining the common expressions for the two forms flow, the 
following general formula (which should corrected for the effect 
the velocity approach), obtained: 


which 
discharge, cubic feet per second; 
coefficient; 
height lower pool above crest dam. 


Several methods taking into account the effect the velocity 
approach have been advanced. The simplest these, although not 
the most accurate, which will used the present discussion, 
consists increasing the head which the velocity flow due, 
the head which the mean velocity approach due, making 
the quantity under the radical Equation 


q 
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The theory Equation makes the coefficient equal 1.5 Mr. 


times the coefficient the free portion the discharge. 

Francis, from small-scale experiments sharp-crested vertical 
weirs, makes this ratio 1.38. D’Aubisson gives Weisbach 
accepts the value assigned theory. 

The results number Bazin’s experiments, Series Nos, 
200 and 201, have been applied Formula the writer, giving 


values for the coefficient from 0.71 1.20, and the ratio 


from 1.54 2.40. These results, which the effect the 
velocity approach, showed, without apparent reason, such wide 
variation that satisfactory conclusions could drawn from the 
investigation. 

From study and manipulation the gauge records 
the locks and dams the Kentucky River, covering days 
February, March and April, 1886,* has been possible deduce 


approximate values for the ratio for these dams. The dams con- 


sist rock-filled cribs, with planked up-stream faces sloping 
and with vertical steps below the crest. The height the dams 
about ft. 

The deductions were made follows: From the gauge records, 
periods nearly uniform flow and conditions were selected, during 
which least one the dams was submerged, while one more 
the adjacent dams was not. Then, from the mean head for the 
selected period the dams not submerged, probable mean discharge 
was obtained the usual weir formula. This discharge was assumed 
that the dam under submerged flow, and, with the other mean 
conditions shown the records exist the submerged dam, was 
substituted Formula which then gave the corresponding value 
for the coefficient comparing the value thus obtained with the 
value the coefficient used determining the free discharge, the 


ratio was obtained. 


this way, three separate determinations were made. The first, 
covering four days, when the water was falling slowly, Dams Nos. 


and being under free flow, and Dam No. submerged, giving 
1.50. 


The second, covering three days, while the water was falling slowly, 
Dams Nos. and being under free flow, and Dam No. submerged, 


giving 1.53. 
The third, covering five days, during which the river rose and fell 


Annual Report, Chief Engineers, A., 1887, pp. and 
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merged, giving The mean value the ratio for the 


days being 1.49. 
The depths the crest ranged from 7.5 ft., with mean 
5.3 ft. 
Another formula, used frequently for the same purposes Formula 
known the Chanoine and Mary Formula. 


This the same form the usual submerged orifice sluice 
formulas, and, while applicable conditions identical with those 
for which the coefficient known, cannot safely used other- 
wise. This demonstrated Mr. Edward Sawyer article,* 
which illustrates his assertion assuming case wherein the level 
the upper pool remains constant, while that the lower pool 
lowered. For this case, the formula gives decreasing value for 
whereas the contrary would actually result. 

The formula given Chanoine and DeLagrene, their memoir 
the dams the Upper Seine, very generally used French engi- 
neers. This formula based the theory that for given discharge, 
the effect produced submerged dam, other impediment flow, 
raising the level the water surface above it, represented the 
difference between the heads which the mean velocity the dam site 
due, before and after the execution the works, multiplied 
coefficient which usually given 1.5. This theory 
expressed the following formula: 

The writer has tested this formula the substitution the data 
taken from Bazin’s Series No. 200. The resulting values for the 
coefficient ranged from 0.25 1.45, and were erratic that the 
selection even probable value was found practically impossible. 
further test was made usiug the results the actual observations 
the flow over the twelve dams the Upper this way 
was found vary, without apparent reason, independent from 
0.30 2.50. 

The most elaborate published account over submerged 
dams practical dimensions and form found paper Mr. 
This paper describes and discusses considerable detail 
observations made number large masonry damsin India. Most 
the dams have flat crests, with paved slopes. dimensions 
these particulars are not given. The discharge was calculated 

Van Nostrand’s Magazine, Vol. xxxiv, 176. 


Annales des Ponts Chaussées, 1868. 
Proceedings the Institute Civil Engineers, for 1886. 
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COEFFICIENTS DISCHARGE 
THE VARIOUS SUBMERGED-FLOW 
FORMULAS. 
Formula 
observed observed 
heads. 

tion weir. 


= 

~ 


DEPTH 
CREST BE- 
LOW WATER 
SURFACE 


| 


loc 


har 


feet. 
ise 
ap- 


feet. 
ing 
head, feet. 


p- 


river. weir. 


observed 


head corrected for 


velocity 


proach. 


Corrected 


feet. 

pond 

ity 


for veloc 
approach. 


Description 
parts. 


Observed fall over 
weir, 

approach, 

per second. 

cubic feet per 

weir, feet. 


ap- 


Length 
proach 


arts, 
Height main bod 


Mean surface veloc 
orres 


Calculated 


{ 


Upper pool, 
Lower pool, 
feet 

for veloci 
velocity 


approach. 
Corrected 


2) 

velocit 


Formula 


body..... 
First step...... 
Second step.... 
Main body..... 
body..... 

Main body..... 260 000 


@ 


114 000 


bet BH DO VO 


For main 
body alone 1.148 


Byturnee 260 000 


Total 


Byturnee 


Burrah... 212 400 


Manha- 


19.59 


above. 


Manha- 


mM 
DMD 


Manha- 


Papers. 


Compiled and calculated from Paper No. Proceedings, Institution Civil Engineers. Vol. 307. 
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Mr. Nelles, the Humphrey and Abbott Formula, and covers unusually wide 
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range. No. 22, which has been prepared from Mr. Rhind’s 

paper, shows the shape and known dimensions the dams, the cal- 

culated discharge, the observed conditions and deduced coefficients. 
deducing his coefficients, Mr. Rhind used the formula 


which represents the mean surface velocity approach. This 
formula may reduced the same form neglecting the cor- 
rection for the velocity approach. 

addition the information and results taken from Mr. Rhind’s 
paper, the writer has calculated from the same data and shown Col- 
umns Table No. 22, the coefficients discharge for Formulas 
(a) and first, considering the effect the velocity approach, 
increasing the observed head amount equal second, not 
considering the effect the velocity approach, and using the 
observed heads the formulas. 

The results Table No. indicate clearly the necessity for 
specially considering the effect the velocity approach connec- 
tion with Formula and show marked uniformity the value 
the coefficient Formula notwithstanding very wide and inex- 
plicable variation the values the coefficient C’. 

Van Nostrand’s Magazine, Vol. xxxii, page 473, gives the following 
details certain observations the Bazacle Dam the Garonne 
River Toulouse: 


h—h, 

283 m.; 


6500 cu. per second. 
Substituting these quantities Formula find 0.915. 
Correcting for mean velocity approach 3.4 per second, 
find 0.724. the same way, means Formula (a), find 
0.353 and 0.336. 
This discussion has been carried considerable length order 


illustrate the present state our practical knowledge the gen- 


eral question flow water over dams, and, aside from the Bazin ex- 
periments, much the matter presented has very little intrinsic value 
except for this purpose. hoped, however, that the illustrations 
given may attract the attention skilled investigators this field, 
and indirectly lead more satisfactory solution the problem 
submerged fiow. 

Some valuable and interesting features the Bazin experiments 
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have not been noticed Mr. Rafter; principal among these are the Mr. Nelles. 


distribution pressure and velocity the nappe. 
features, Bazin says his summary: 


pressure under the nappe has been measured nearly every 
experiment. For number them have determined the 
interior distribution both the pressure and velocity. .This distribu- 
tions presents theoretic interest, but cannot, like the pressure under 
the nappe, put practical use. weir given form, the co- 
efficient depends principally two elements, the contraction the 
sill and the pressure under the nappe. This pressure clearly re- 
lated the discharge that can, proper observations, deduce from 


the variation the discharge, with precision not obtained 
the direct measure the heads. 


Concerning these 
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Mr. Christian. Assoc. Am. Soe. (by letter).—The writer 
fully agrees with Mr. Allen that the cost topographical surveys 
depends upon the character the ground, the extent the survey, 
the scale the map, transportation facilities, board, The season 
the year also very important factor. 

For instance, the Middle Atlantic States, the work can generally 
performed much greater advantage early the spring late 
the fall, especially the district heavily wooded. 

1896 the writer made survey 57-acre tract land West- 
chester County, Y., which the owners wished subdivide. Most 
the work was done during the month July, and the weather was 
exceedingly hot and sultry. 

Three-quarters the tract was woodland, with much thick under- 
brush and heavy foliage. The land was much broken, and varied 
from rise ft. 100 rise ft. 100, and had total rise 
150 ft. 

The transit lines (12 750 ft.) were first run cover what 
seemed controlling points, such along the tops ridges, 
the foot hills, etc., stakes being set every ft.; after which levels 
were carefully run over the whole line with wye level, elevations 
being taken each stake, and intermediate points necessary: 


Continued from May, 1900, Proceedings. See March, 1900, Proceedings, for paper 
William Landreth, Am. Soc. E., this subject. 
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From these lines and levels the 5-ft. contours were located the 
ground, right angles the transit lines, with Gurley hand level, 


ordinary level rod and steel tape. 


The actual working time the field party each day was from 
with one hour for lunch. The work was miles from 
the office, and transportation, consisting horse and wagon, was 


furnished each way. 


The net cost the field work, transportation, stakes, and mapping 


was $1.47 per acre, divided follows: 
Field work including transportation: 


Five-ft. contours, with hand level............. 

Mapping: 


The map was plotted scale 100 ft. in. 


Mr. Christian. 
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THE PRACTICAL COLUMN UNDER CENTRAL 
ECCENTRIC LOADS. 


Purpy, Am. Soc. E.—This extremely practical 
subject for engineers who have many columns dimension design. 
the Astoria Hotel there are about 600 separate columns, each 
which had especially considered. Ten minutes given each 
would require 600 hours for all them. the speaker’s practice 
every column analyzed; there are eccentric loads the exact effects 
must determined, and therefore important that the methods 
should such will secure the greatest amount work the least 
possible time. 

Very few who write regarding column designing realize appre- 
ciate the importance eccentricity loading. The speaker does not 
refer bridge designing much building work. Most the 
columns buildings are short, and therefore the element eccentric 
loading becomes the more important one. The effect the direct 
load such columns mostly crushing strain, while the element 
bending least importance. The effect eccentricity rarely 
lacking, for even loading exceptional. From the practical point 
view, therefore, the speaker believes that the author’s first state- 
ment the most notable one the paper. 

There great need for thorough series experiments eccen- 


Continued from May, 1900, Proceedings. See March, 1900, Proceedings, for paper 
Moncrieff, Am. Soc. E., this subject. 
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trically loaded columns, but the task too great undertaken 
private engineer. far the speaker knows, only two practical 
tests eccentrically loaded columns have been made. 

paper, not only for very clear presentation the theory affecting the 
practical column, but for the numerous diagrams comparing the 
theory, supposed apply crippling loads approximately, with the 
results 789 tests columns various experimenters. 

Assuming the neutral line the column under eccentric loading 
parabola, the author’s equations (5), (7) and (8), follow 
logically. The writer has called attention* the propriety using 
the parabola approximately, for the neutral line, comparing 


results with the exact formula and finding them identical when was 


small. The agreement still more plainly seen when the author’s 
equation 


for the deflection the center the column pivoted the ends, 


from the primitive axis, compared with the exact result for 
prismatic homogeneous 


Putting the development sec for those values 

that give converging series, found the differential calculus 

neglecting and higher powers the last formula gives 

approximately, 

which sensibly correct when comparatively small fraction, 
and incorrect otherwise. 

But this exactly equal Equation (2), the numerator 
divided the denominator the right member and the division 
carried out two terms. 


Hence the assumption that the neutral line approximately 


parabola for small values isagain proved. The 


the Ideal Column,” Transactions, Am. Soc. E., Vol. xxxix, 120. 
See Mr. Marston’s Formula (1); Transactions, Am. Soc. E., Vol. xxxix, 113. 


Mr. Purdy. 
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approximation, likewise, than that given the Ideal 
Column” where the writer neglected terms containing and higher 
powers 

course, the approximate development for could not used 


for most the values given the author’s diagrams, and 


eannot utilized, therefore, deducing the equivalents (7) and 
(8); fact, there would gain doing so, the 
formulas are briefer than the results corresponding. 

The most compact formula the exact one given Ernst 
Jonson, Assoc. Am. Soc. E.,* and which, adopting the author’s 


notation, is, 
where for the extreme fiber the concave side and 
for the extreme fiber the convex side, being 
when compressive, when tensile (page 336). 
Recurring now application the formulas practice” 
(page 400), there room for difference opinion basing the 
factor safety the lower-limit curves the diagrams, especially 
where the lower-limit curves pass below all the plotted positions 
very small factors safety are used, then, undoubtedly, the 
lower-limit curves should give the basis for the formulas use 
practice, disaster might follow increasing the loads, the 


column question might have strength near that given 
the lower-limit curve. Thus, the factor safety was and the 
loads were eventually doubled (as has happened number 
railways this country the past), the column would certainly 
regarded dangerous the factor was based the average curve 
passing somewhat centrally through the points the diagram given 
experiment. 

But the factor seems safe take the average 
curve, even the loads are doubled twenty thirty years. 
Some the columns will thus have factors safety above that 
given and others below; would seem that the greatest economy 
should secured basing the safe curve upon the average 


marked when for fiat-ended columns curve indicating the load 
which tensile stress commences,” falls far below the results for experi- 
ments, some the diagrams. fact, failure does not begin for 
such load for any given column. The case similar one respect 


Proceedings, Am. Soc. May, 1900, 


curve. 
there any merit this contention, then the objection more 
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the voussoir arch without mortar joints, when the line the centers Mr. Cain. 


pressure falls outside the middle third. tension exerted 
joint where this occurs, but the compressive stresses are distributed 
according uniformly increasing law, and the material may 
strong enough withstand the maximum stress induced. Similarly, 
the column, where the resultant force not too near the edges 
the end sections, the maximum stresses the extreme fibers may not 
too great for strength stability. however, should 


made here for such cases, and the results experiments should 
the main guide. 


interesting paper most important subject. The demonstration 
simply faultless. The theory, now for the first time propounded, 
far the writer aware, only requires multiplication tests 
bring the unassignable elements the problem into closer harmony 
with the results experiment, order subject them the leash 
induction. The subjoined remarks will confined this phase 
the inquiry. The writer has adopted the author’s notation and 
data when not otherwise specified. 


Test No. Table I.”—Hodgkinson’s tests (page 346). 
The moment inertia 0.0472 in., not 0.472 in., given the 
text. 

Test No. Table (page 347).—The writer finds some 


slight discrepancies between his computed and the 
author’s figures. 


Load, Vin.) Din. Din. Din. 
pounds. Writer. Writer. Author. Observed. 
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Test No. Table (page 347).—The writer cannot 
reconcile the author’s 0.367 in. with his own calculations, 0.387 


in. The computations 
20.4 


10.0388 


7.895 


2.1436) 


20.4 


which the external and the internal diameter. 


Again, 


90.4 


0.78647 


2.1436 
10.0388 


0.03855 


which numerical factor depending the form cross- 


section. 
Also, 
0.1827. 


1.4641 
3.1684 


which numerical factor depending the form cross- 


section. 


1320 

pounds. Writer. Writer. 


871.31 


410 000 6601 


Din. 
Author. Observed. 


0.647 not observed; 
column not al- 
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Test No. Table (page 348). 
differs from the author the value the moment inertia. 


19.35 
= 20.4 = 0.9436 Tm. 
Again 
0.7786 
Also, 


3.973. 


20.4 


729 


this case, the writer Mr. 


Load, Vin.) in. Din. Din. 
pounds. Writer. Writer. Author. Observed. 
373....0 3408 0.025 0.3158 ...0.379 ...0.37 
0.025 0.4191 ...0.5225 ...0.55 
Test No. 15, Table 348-9). 
20.4 
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defiections four cases this example, viz., first, fourth, sixth and 


last. His findings, every instance, agreed with the figures the 
text. 


all, 1-in. balls and plates, 86.25 ins. effective length 


[Papers. 
Again, 
0.0311765. 
Also, 
pounds. Writer. Writer. Author. Observed. 


632....0 4368 0.035 0.4718 ....0.503 


The writer not aware any special adaptation the moment 


inertia formula for the case hollow column which the inner 
circle eccentric the outer. 
meet such exigency; but, where many the data have 
guessed at, considers such refinement uncalled for. 


might evolve approximate one 


Test No. Table (page 349).—The writer has verified the 


Test No. 204.—T bar; lin. in. 87.25 ins. length over 
(page 350). 
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Mr. Christie’s paper the ‘‘Strength Wrought-Iron Mr. 
the length the bar given ins., not 87.25 ins., 
but 99.25 ins., making the author’s effective length 98.25 ins., not 
86.25 ins. 


The other data, submitted the author, have been used. 


630 
Load, Vin.) Din. Din. Din. 
pounds. Writer. Writer. Author. Observed. 
300....0.1086 0.025 0.1336 ..... 0.0852... .0.08 


Thus seen that the computed deflections imaginary 
column may made conform with the recorded tests column 
which went through the mill. How far may this impair confidence 


Test No. (page 350). 


Load, (sin. Vin.) Din. Din. Din. 
pounds. Writer. Writer. Author. Observed. 

000....0.009 0.044 ....0.0441..... 0.05 


000....0.366 0.035 0.401 ....0.373 not recorded; 


Test No. 206” (page 351).—The writer has verified the first, 
fourth, eighth and last examples, and found them agree with the 
figures the text. 


Transactions, Am. Soc. E., vol. xiii, 105. 
With load 474 the deflection infinite. 
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10. Test No. 208” (page 351). 


pounds. Writer. Writer. Author. Observed. 
800 ...0.02943 0.05943 .... 0.0594 
1800 ...0.17114 0.20114 .... 0.2010 
11. Test No. (page 352). 
Load, (sin. Vin.) Din. Din. in. 
pounds. Writer. Writer. Author. Observed. 
0.02 0.52824..... 0.521 ....not recorded. 


12. Test No. 217” (page 352).—The writer’s computed deflections 
agree with the figures the text load 700 the writer’s 
being 0.002 in. excess 0.0055 in.; and 1800 the 


excess 0.0024 in. 


The thanks members are justly due the author for this 
valuable paper, and congratulated the skill, industry 


and ability displayed its preparation. 
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PROPOSED METHOD FOR THE PRESERVATION 
TIMBER. 


Discussion.* 


SAMUEL WHINERY, Horace and 


Henry Am. Soc. E.—This paper presents prop- Mr. Prout. 


osition which attractive, novel, and, far the speaker aware, 
entirely original. course, the proposition prevent the decay 
About twelve years ago the process known vulcanizing was exploited 
somewhat New York City precisely the theory advanced Mr. 
Kummer, viz., that subjecting the wood high temperature would 
kill the germs, and that this temperature would solidify the albumen 
and other constituents the sap and thus fill the pores the wood 
with solid, impervious, waterproof substance. The wood was treated 
under high pressure also, prevent checking. There should 
this time sufficient experience show whether not the expectations 
have been realized. 

large amount vulcanized timber was put into use the 
Manhattan Elevated Railway, the tracks, station platforms and 
possibly elsewhere, ten years ago, possibly longer. considerable 
quantity was also put service the New York and Brooklyn 


This discussion (of the paper Kummer, Am. Soc. E., printed 
the Proceedings for May, 1900) Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 


(See rules for publication, Proceedings, Vol. xxv, 71.) 

Communications this subject received prior September 22d, 1900, will printed 
number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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Bridge Mr. Martin, and large quantity was shipped the North- 
western Elevated Railway Chicago. From all these places 
should now able get some information whether not the 
vulcanizing process has any merit. 

Obviously, however, the author thinks that vulcanizing not 
thoroughly efficient. must quite familiar with its results, and 
yet proposes further and supplement the addition 
the antiseptic material and also the waterproofing resin. The speaker 
has always been skeptical the results vulcanizing, because 
has seemed inevitable that the transverse strength the timber would 
injured heating such high temperature. 

E., who was then Stevens’ Institute, made some tests vulcanized 
sticks and reported that the transverse strength the timber did not 
deteriorate under the process. The speaker has heard nothing 
further those results since Professor Thurston’s tests. 

Were not for Mr. Kummer’s statement, the speaker would also 
feel skeptical whether not sucha quantity resin can 
into the timber. 

obvious that the high temperature treatment will develop 
checks the timber—checks which are otherwise there, would 
otherwise occur—and that those checks will filled with creosote 
and resin which will, undoubtedly, add the life the timber. 

The most important question whether not timber actually 
injured subjecting temperature about 300°, under 
pressure. 

wood, with which the speaker 
has had some experience, has been used for the past years. 
The wood was heated temperature about 85° under pressure 
about has never been found that this treatment injured 
the fiber the wood the least. The speaker has seen the tests 
made Professor Thurston and others, and these tests showed 
that the timber was strengthened. The difficulty found with 
ized wood was, that when began decay, that decay began the 
surface, not the heart. The sterilizing treatment was sufficient 
that respect, and whenever decay began was caused contamina- 
tion from outside, evidently being washed the rain water. 

The process described the author seems especially adapted 
overcome that difficulty. produces practically vulcanized wood 
with antiseptic shell. would seem that, the heart 
ized wood never decays and efficient antiseptic shell provided, 
the process not only overcomes the troubles encountered with 
ized timber, but also the objections ordinary creosoted wood. 
the latter, the objection reversed, the wood frequently decays 
the heart account imperfect sterilization. Another objection 
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that soft, and does not resist the crushing strain. Creosote, Deghuée. 
although may not soluble, washed out, perhaps the 
mechanical action the water. The speaker has experimented with 

wood treated the process described the paper, and has found that 

actually shed water, the water running drops the surface. 

has made soaking tests the wood, and found that absolutely 

none the material will dissolve. After soaking the wood for three 

four weeks was impossible detect any the preservative 

material the water. 

The term probably only trade name, given the 
treatment account its being heating process. vulcanizing 
has seemed the speaker that the treatment primarily sterilizing 
process— simply thorough sterilization the wood—the secondary 
action being the decomposition the sap and the production 
small quantity wood tar creosote the sap the wood. This 
creosote antiseptic, but the amount rather small, and has been 
found that was not sufficient prevent external contamination; 

that fungus could grow the wood could penetrate from the 
surface, and that time the surface would begin decay. also 
probable that these antiseptic bodies which were produced the 
heating were not strong enough prevent that decay. 
The theory that the elements the sap were hardened and filled 
the pores with impervious substance has not been verified. 


Frank Am. Soc. E.—This paper gives inter- Mr. Skinner. 
esting description process which seems admirably adapted 
secure the ends which are sought. 

The principal requirements connection with the process are: 
The seasoning the wood and its sterilization high temperature, 
the extraction the volatile substances the timber, the operation 
the vacuum for withdrawing the air, and injecting antiseptic 
and waterproof substance. The question whether not all 
these processes are desirable, are harmless are beneficial, should 

considered. The weight evidence presented seems that 
the degree heat maintained seasoning and sterilizing not 
considered detrimental the fiber the strength the 
timber. 
The question whether not the removal all the volatile 
oils the timber detrimental has not yet been raised. The speaker 
doubts the advantage removing them. has positive assurances, 
from those whose investigations and judgment greatly respects, 
that the extraction all the juices the timber impairs its strength 
and makes brash. That point worthy discussion. Supposing 
that, however, settled either way, obtain piece timber 
which supposed have been sterilized; that is, admitting the decay 
the timber due bacterial agencies, the bacteria are all 
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Mr. Skinner. killed. After this the injection the antiseptic material seems 


somewhat supererogatory. the timber filled with antiseptic 
material, why need sterilized first? the material anti- 
septic, should efficient one without sterilization, and would 
seem that Mr. Kummer’s formula for antiseptic likely give 
very good results. The waterproofing and the constituents the 
liquid seem desirable, and the speaker agrees with Mr. Nichols 
that seems likely that the process should preservative and increase 
the durability the timber. 

There are one two points reference the manufacture which 
the author should make clear. the first pressure treatment the 
timber, pneumatic pressure applied? Apparently, liquid water 
introduced; that may inferred that the first air process. 
Secondly, the schedule time required for the treatment the timber 
stated twelve hours. that twelve hours net time 
gross time? Cana charge timber brought from stock 
same day? so, the process materially more rapid than most 
those with which are familiar. 

There one point the paper which the speaker obliged 
take exception, viz., the statement that the impregnation with anti- 
septic fluid very difficult impossible the case large timber. 
There to-day established Philadelphia company which impreg- 
nates, hitherto undreamed-of extent, hard and soft timber any 
merchantable size, ins. greater, right the core. that 
from minutes three hours according its thickness. piece 
white pine in. thick can saturated 120% minutes, and 
timber ins. square saturated the same percentage little 
less than three hours. The treatment hard wood requires about 
40% more time. 120% saturation meant that stick timber 
weighing when put the retort will weigh 220 lbs. when 
removed. This effected closed retort means very heavy 
hydraulic pressure, about 500 for working pressure, and high 
000 lbs. necessary, and the apparatus such that this pressure 
can applied very few minutes. treatment, which the 
speaker witnessed, some pieces timber were inserted the retort, 
saturated nearly 200% and taken out minutes, and the retort 
was ready for another charge. That is, round trip was made 
about hour, that the injection antiseptic fluid can made 
the heart timber any size length and cross-section. That 
process complete impregnation, together with the formula and 
materials described the paper, might lead exceedingly valuable 
results. might obviate the necessity sterilization and possibly 
the necessity high temperature seasoning. 


q 
| 
7 
| 


DISCUSSION TIMBER PRESERVATION. 


The high-pressure process, just described, not used for wood Skinner. 
preservation, but for the purpose making the wood non-inflammable. 
The speaker has made pine wood shavings inch thickness, 
has placed spoonful them platinum plate and put that over 
Bunsen burner and held there the fiercest flame for probably 
minutes. was not consumed; was blackened and could crumbled 
easily, but under circumstances would blaze. block wood 
ins. thick, and thus treated, was placed the furnace steam 
boiler and left there over night. the morning was charred 
outside, but had not been consumed. 


Henry Am. Soc. comparison between the Mr. Goldmark. 
cost the process described the author and that the improved 
chloride zinc method would interesting and instructive. There 
little doubt that the injection creosote preserves the timber 
longer, and under more unfavorable conditions, than any other process. 

is, however, far the most expensive means protection. 

The whole question timber preservation is, after all, one 
economy. The point is, not whether the ordinary improved 
creosote process the best thing, but whether something else much 
cheaper will not, least for railroad ties, serve useful purpose. The 
German railroads have had extended experience for many years 
with the Rutgers process. This consists injecting chloride zine, 
with the addition small percentage dead oil tar. The theory 
the method is, that the dead oil tar will prevent the salt, 
which soluble water, from being washed out. 

The results, given out the company which does most the 
work, are extremely favorable. They are based official investiga- 
tions the German government, and are believed reliable. 

The cost this improved process much less than that 
creosoting that more likely adopted large scale this 
country than more expensive methods. 


Am. Soc. E.—The preservation wood Mr.Cartwright. 
very desirable, provided can accomplished minor 
The speaker one time burnettized great deal bridge timber. 
The process consisted enclosing the timber tight receptacle and 
boiling out, were, the pyroligneous acid. course, being under 
pressure and water-tight, hermetically sealed tank, there was 
opportunity for the oxygen get the acid. The hot water dis- 
solved the acid and was then drawn off. Dry heat was then applied 
and solution sulphate zinc was introduced under pressure and 
thereby injected into the tubes forming the wood fiber. 

The speaker has frequently used second time the clamps and 
keys from worn-out bridge. The Indians frequently stole the ordi- 
nary timber, but would not touch the burnettized sticks, because they 
could not saw them nor split them, and the wood would not burn. 
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The burnettizing process, however, was very expensive, and to-day the 
object get the best preservative for the least amount money. 
said that the process described the paper economical, and 
this point its favor. 

the creditable work which has been done, must confess, that, during 
the last years, there has been but little absolute progress 
the science wood preservation. know that the creosoting process 
the most reliable, but process has yet been discovered which can 
fully depended upon all situations and for all varieties classes 
timber. 

The author states that the results obtained with creosote not 
indicate that after treatment there often occurs such cracking 
checking expose the untreated, heart portions the timber 
decay. This contrary the observations. Only recently, 
making some railroad examinations, has found that, the 
majority instances, where creosoted piles had the trouble 
was clearly caused checks which had occurred after the structures 
had been built. the sterilizing process will quite fully develop the 
checks, without working damage the timber, that when the 
creosote turned will reach all portions the material which 
the air would ever likely reach, may have Mr. Kummer’s 
suggestion distinct advance. The writer would like see the sug- 
gestion tried scale large enough prove its value. 

important one all engineers who are called upon protect 
timber from the teredo from decay, and has been treated Mr. 
Kummer aclear and interesting manner. 

ties could used without driving spikes boring holes 
them, the method treatment suggested would probably prove more 
effectual than under present conditions service. 

the penetration the antiseptic material only from 
the sides the tie and ins. the ends, only half the tie 
treated the section where the spike holes occur, and decay those 
points not long delayed. 

noticeable that good quality long leaf yellow pine has 
been selected for the experiments. The heart this timber full 
resin and fairly durable without treatment. said, however, 
those who make business treating timber, much less suitable 
for the purpose than the woods more porous structure, and which, 
untreated, decay much sooner, but which will take much larger 
amount the creosote other treating material. 

would seem entirely reasonable that the injection resin 
with the creosote should make the surface harder, and might serve 
keep the creosote from washing out, but would tend lessen the effect- 
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iveness the creosote antiseptic, and does not seem probable Mr. Osgood. 
that would all effective against the teredo, which eats the resin- 

ous heart long leaf timber with great avidity and requires very 

strong dose creosote oil affect its appetite. 

has been stated that all decay timber begins the outside 
the stick. This statement would seem subject some modi- 
fication, not uncommon find oak sticks hard the exterior 
surface and rotten inside; and even long leaf yellow pine frequently 
which the heart the stick most affected. 

forcing creosote into long leaf pine for protection against the 
teredo: this now done effectively the Galveston Wharf Company 
Galveston, only creosoted piles being used the main wharves 
that company, and these, the writer informed, give satisfaction. 
said that these are impregnated with the heavier oils coal tar 
the extent from upwards Ibs. per cubic foot, and the 
writer informed the Manager the Creosoting Company which 
treated the piles for the present pile bridge the Gulf, Colorado 
Santa R., across Galveston Bay, built number years ago, 
that heavy dead oil per cubic foot was used them, 
many them would take that amount. 

Long leaf yellow pine, when thoroughly creosoted, generally shows 
little the heart wood which not distinctly colored the oil, 
although, the piles coming under the writer’s observation, there has 
always been some untreated heart. The timber appears much 
weakened the process, and thoroughly creosoted piles will some- 
times break handling, under circumstances which would not injure 
untreated stick the same timber. The timber seems very 
brittle. The great objection creosoted timber present the 
expense. Inquiry, three years ago, when several thousand piles were 
required bulkhead retain filled wharf Sabine, showed 
that the piles, which then cost about cents per lineal foot delivered, 
would have cost over cents per foot, creosoted. 

treating piles great expense caused having treat the 
whole length. Treatment undesirable for the portion the ground, 
where the teredo does not work, and usually unnecessary above the 
water, that frequently happens that more than half the length 
the pile treated without any special benefit. Various ways over- 
coming this difficulty, and using creosote without distributing 
where not needed, have been suggested, and some them tried. 
Experiments are now being made with piles which have 2-in. 
hole bored through the center each stick from the top little 
below the surface the water, these holes being filled with creosote 
oil from time time. The oil gradually distributes itself outward and 
downward, and, this goes rapidly and thoroughly enough, will, 
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argued, reach the exposed surfaces the piles and prevent the 
ravages the teredo. 

attempt has also been made stop the progress the teredo, 
piles already slightly affected, boring slanting hole about 
mean low water and reaching down far possible without going 
through the stick. These holes, ins. diameter, are filled 
with creosote oil intervals the tide permits and the oil soaks 
away. The holes are kept plugged the top prevent waste. Itis 
too early determine whether either these experiments will prove 
effective any value. 

writer one the engineering periodicals not long since called 
attention method forcing liquids into timber through cap 
one end the stick, which permitted pressure applied force 
the liquid lengthwise through the pores the wood. This would 
seem offer advantages treating piles, the process could 
stopped when any portion the length had been saturated, and prob- 
ably hole bored the middle the stick, nearly far down 
was desired distribute the oil, would service this connection. 


method for the preservation timber, the conditions under which the 
wood used must considered, and the character and extent 
the preservative process should suited resist the causes dis- 
integration which the wood will subjected. 

When exposed brackish water, wood must protected against 
the ravages, both ordinary decay and the teredo. When used for 
railroad ties, and generally for structures land, necessary 
make provision against ordinary decay only. For the latter purpose 
would seem that any process which, like that under consideration, 
first thoroughly sterilizes the timber throughout its whole mass, and 
then fills the cells greater less depth from the surface with 
permanent material which will exclude air and moisture, would prove 
efficient. not even necessary that the sealing material should 
penetrate the wood all the surface can made impervious air 
and moisture and maintained that condition. these assumptions 
are well founded, wood-preserving processes may cover wide latitude, 
and there should yet plenty room for invention. The modified 
process creosoting wood described Mr. Kummer rational, and 
should efficient, particularly preserving railroad ties. 

Those who have had occasion work the yellow pine forests 
the Southern States know that the endurance the pine knots” 


proverbial. When the public lands those States were originally 


surveyed the Government, these pine knots were frequently used 
for corner stakes monuments, and they have often been found 
place perfect state preservation after being the ground for 
more than thirty years. The principal peculiarity these knots 
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tie question and the cost treating,the whole 
portions adjoining:the rails, and that drained 
third, comparison with the correspending the 
ove tie. 
uld might said that the tie would unfavorably affected dif- 
air ference homogeneity, but this would have determined exactly 
experiment. 
Am. Soc. (by letter).—The preserva- Mr. Moncure. 
fied tion timber subject which has been discussed extensively, but, 
and yet, there seems method which the cost brought 
within practical limits. The cost the method proposed Mr. 
Kummer not given. 
1886, the construction one the southern railroads, all 
the signal and mile-posts were made long leaf North Carolina pine, 
used the entire log being used, without any regard the quantity sap 
heart. These posts were and the part above ground 


Transactions, Am. Soc. E., Vol. xlii, page 373. 
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Mr. was painted with three coats white lead linseed oil. The lower 
part, point just above the surface the ground, was placed 
for minutes open kettle containing pine tar and 
50% resin, the mixture being kept above the boiling point. These 
posts are standing now, and when examined two years ago showed 
signs decay. The cost this process did not exceed cents for 
each post. possible that the wood was thoroughly dried the 
heat, and that the tar and resin filled the outer pores, leaving also 
coat outside which prevented the entrance moisture. 

The oak tie, without doubt, best suited for roads where there 
heavy traffic and much curvature, and seems the most difficult 
preserve the creosoting any similar process. Investigations 
seem have been directed almost entirely creosoting similar 
processes, and, far, seemingly without practical results. pos- 
sible that investigations were made the direction drying the 
timber and coating the outside with substance which would prevent 
the entrance moisture, some method might found which would 
bring the cost within practical limit. There cypress some 
the Southern States which has been used for ties and has lasted for 
years, but cypress objectionable because the wood soft; the rail 
cuts the tie, and the spikes not stay place, thus causing the track 
get out gauge. These objections can overcome the proper 
use tie-plates, and cypress tie with tie-plates ought especially 
recommend itself roads which the curvature, gradients and 
traffic are light. 

The question obtaining ties present great importance 
the maintenance-of-way departments railroads, and these notes 
are presented with the hope that this subject will continually kept 


view and result developing some practical method which will 
within the means any railroad. 
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HEIGHT BUILDINGS. 


informal Discussion the Annual Convention, July 2d, 1900.* 


FoR 
(1) What Considerations Should Limit the Height Buildings?” 


(2) Recent Developments Construction, Sanitation, Inter- 


communication and Economy Administration, warrant 
the Removal all 


Corypon Purpy, Am. Soe. (by buildings 
are the outgrowth commercial considerations. They facilitate busi- 
ness, they increase ground rentals, and they offer opportunity for 
profitable investment. 

the American mind not hampered precedent biased 
ancient customs, these considerations have easily outweighed popular 
prejudice, and even small American cities aspire high buildings. 
Europe, there more conservatism, but all the world now striving 
for commercial advantage, and the pressure make buildings larger 
and higher will probably increase there has America. 


discussion this subject, for which formal paper was printed 

Proceedings order that the views expressed may brought before ali members 

the for further discussion. (See rules for publication, Proceedings, Vol. 
XV, p. 71. 


number discussions this subject, presented the Convention, were not re- 


ceived time permit preparing them for this number Proceedings. They will 
appear subsequent number. 


Communications this subject received prior September 22d, 1900, will printed 
later number Proceedings, and subsequently the whole discussion will 
published Transactions. 


Mr. Purdy. 
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The problem whether not the removal restrictions 
height warranted must faced. The question pertinent, there- 
fore, both Europe and America. 

the writer’s purpose merely outline for discussion this 
topic: The Limitation the Height Buildings,” and mention 
some the points interest exhibited the photographs. Plate 
XXX, Fig. view New York City, from the North River, well 
south toward the Battery. than generation, high buildings 
have changed the sky line this part the city completely. few 
years ago the regulation five-story building line was unbroken except 
the towers churches. present, Trinity spire, for many years 


the highest structure America, looked down upon from the office 
windows Wall Street and Broadway. 

Many the constructive problems steel buildings are com- 
plicated character, and they are not only because the variety 
loads and strains which are sometimes involved, but because all 
lines construction have worked out with reference the uses 
the building, the arrangement its interior walls, and their 
openings. 

The arrangement the trusses over the great ballroom the 
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Waldorf-Astoria Hotel New York City, marked illustration. Mr. Purdy 


The lines these trusses Fig. ballroom 100 ft. 
long and ft. wide and without columns. three stories high. 
There are two great trusses sandwiched into the interior walls the 
four stories directly over the ballroom, and their construction worked 
out such way that their presence would never suspected 
people occupying the rooms immediately adjoining them. They 
carry stories bedrooms, weighing, with reasonable allowance 
for live load, some 000 000 lbs. Some members the trusses are 
heavier than can found any other structure America. The 
lower chords are made nests 12-in. carried 12-in. 
pins. There also one girder this building ft. long, which 
weighs tons, and one column which carries 400 000 Ibs. 

The completed Waldorf-Astoria Hotel, Plate XXX, Fig. the 
largest and finest structure its kind America, and possibly the 
world. cost about 000 000. 

The Old Colony Building, Plate Fig. one the notable 
structures Chicago. While narrow and high, also one 
the stiffest high buildings constructed that city. The scheme for 
the stiffening bracing consists four vertical lines located equi- 
distant from the axis the building. The portals, shown Fig. are 
placed one top another such way that the shear conveyed 
directly from one the other, and the columns are practically in- 
corporated with the portals part them. Their chief advantage 
the opening they afford between rooms. For all practical pur- 
poses they not divide the space all, and yet the desired bracing 
obtained. 

The exterior walls this building were process construction 
different heights the same time (Plate XXXI, Fig. 2). This can- 
not done buildings massive construction. The new building 
for the North American Trust Company, Plate XXXII, Fig. recently 
completed the corner Cedar Street and Broadway, New York 
City, was built the same way. Plate XXXII, Fig. shows the com- 
pleted building and also affords excellent the splendid 
light areas which can put buildings this kind. 

Some buildings are built too high for their width. That the 
corner Wall and Nassau Streets, New York City, Plate 
Fig. might mentioned one this class. 

The highest building America that known the Syndicate 
Building Park Row, New York City. shown Plate 
Fig. 

The Broadway Chambers, Plate Fig. another the 
new high buildings New York City. This building exhibited 
models the Paris Exposition, where every feature its construction 
illustrated. 
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Where buildings are now limited, the limitation due one 
more four things: 

(1) Legal enactment; 

(2) Economic considerations; 

(3) Conditions construction, concerning which law may not 
specify; and 

(4) Popular prejudice. 

New York City the only legal limitation the height fire- 
proof buildings provision that the overturning moment due 
wind pressure shall not exceed the moment stability, with 
the wind pressure taken per square foot, over every square 
foot surface exposed. Chicago the legal restriction has recently 
been fixed 135 ft. 

There are many things consider either fixing removing 
restrictions the height buildings law. First all there 
popular prejudice. Then there are: 

The disturbing effect land values; 

The exclusion sunlight from the streets; 

The congestion traffic; 

The increased difficulty fire protection; 

The overburdening established water supplies; 

The inadequacy drainage and sewers already constructed; 

The disturbing effects the business building trades, architects, 
engineers and contractors; and last, but not least, 

considerations. 

Some these considerations are more important than others, but 
all bear upon the problem. The writer believes that the height 
buildings should have reasonable limitation, but seems him 
that most the real objections the so-called scrapers 
not hold with much force against buildings fourteen fifteen 
stories, less. 

High buildings have become possible through the use new 
materials, the new use old materials, notably the use steel, and 
the development the elevator. 

also worth noting that the new buildings are simpler 
than ones. 

They have more light. 

The interior arrangement may made any way which may 
desired arrangement can changed any time desired; 
while 

The strength the building inthe steel frame, and that strength 
susceptible accurate computation, which brings with simplifi- 

cation all problems construction. 

conclusion, the writer desires call the attention our 
members fact that though America have wonderfully 


4 
4 
q 
q 
q 
2 


PLATE 


AUGUST, 1900. 
PURDY HIGH BUILDINGS. 


PAPERS. 


q 
4 


Fie 


1.—THE 


CoLon 


ILDING. 


CHICAGO 


OLD 


UILDING DU 


RIN 


CTION. 


q 

4 

4 


Sidewalk 


im 
\ 
2 
5 


DISCUSSION HEIGHT BUILDINGS. 


Sidewalk 


/ 
al 
o 


q q 
BS: 
4 
7 
: 
| 
= 
k 
4 — 
| 
a 
| | 


Mr. Purdy. 


Mr. Bolton. 


748 DISCUSSION HEIGHT BUILDINGS. [Papers. 


developed the steel-constructed building, owe great debt 
Europe for many the ideas which have been used therein. would 
generally correct say that European engineers have invented and 
Americans have developed. 

One instance this sufficient illustrate. long ago 1854, 
asylum was constructed York, England, the Society 
Friends, which the floors were made flat hollow terra cotta 
arches, almost exactly the same pattern are now putting into 
our office buildings. They were designed Mr. Pritchett, 
Englishman. has been repeatedly claimed American writers 
that this arch was American origin, but the first arch this char- 
acter was not constructed America until 1873. Mr. Pritchett carried 
his arches over spans ft. which also accords with present 
practice. They were carried cast-iron beams. The rolled beam 
only been invented year two before. 

writer’s professional connection with the equipment large office 
buildings and hotels New York City leads him the conclusion 
that the limitation the height buildings should left practical 
and economic action, and that legislation municipal interference 
cannot produce desirable results. 

The law England, protective the right so-called ancient 
light,” has operated prevent the development buildings and 
their consequent improvement. increase value 
land business centers will operate the disadvantage ten- 
ants unless relief given the only possible direction, viz., upward. 

Concentration trades and business certain centers desir- 
able and economical, and the advantage the community large 
advanced thereby. Therefore inconvenience which may tempo- 
rarily operate the disadvantage individuals should endured 
the general welfare advanced. 

The writer believes that these general propositions will meet 
endorsement, but, this particular class public improvements, 
clear that the apparent inconveniences are more imaginary 
than real. 

true that country where the proportion bright day- 
light limited, the value window light not lightly esti- 
mated, but modern methods artificial light have advanced 
greatly discount the positive necessity window light. 

Further, the construction higher class buildings, 
city such London, the primary steps are sure soon followed 
general increase. The has been, within the writer’s 
memory, practically reconstructed from three and four-story basis, 
height five seven stories without general inconvenience, and 
the advantages single lofty structure would soon grasped 
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that would not long before general reconstruction greater Mr. Bolton. 
height took place. 

The construction tall building neighboring lot, while 
temporarily interfering with the immediate supply light and, pos- 
sibly, some extent, air, enhances the value the neighboring 
properties, since its success they become equally capable 
increased development. 

the case large office and hotel buildings the interior 
economy such that artificial light and air supply can and are 
generated extremely low cost, less than possible public com- 
panies. Therefore supply both could afforded neighbors, 
this way making them their temporary deprivations. 

There cannot any question that the general sanitation 
district improved important extent the construction 
tall buildings, inferring, this does, the effect deep underground 
excavation and sub-soil drainage. 

The writer can refer instances New York illustrative this. 
When the Bowling Green Offices were constructed, the excavation 
extended ft. below grade, and the sub-soil drainage was found 
extensive. Examination proved that large part came 
from defective sewerage the neighboring old buildings, the house 
sewer one which, public restaurant, was found broken 
and choked. 

This menace health is, course, now entirely removed the 
sub-basement drainage system the offices. Such cases could 
multiplied indefinitely, and include wet walls and cellars dried, and 
insecure buildings supported and improved neighboring structures 
greater height and depth. 

The relative increase value piece land, reason the 
construction lofty neighbor, may gathered from what has 
proved the case New York City. 

Land, which with four-story buildings has barely paid expenses and 
taxation, has, with lofty building, been able earn all expenses; 
pay interest the rate 49% upon mortgages, the extent which 
greatly exceeds the value the original buildings; also pay largely 
increased taxation, sometimes much five times the old rating; 
and, finally, leave substantial profit the net capital invested. The 
taxation borne certain property relieved the additional taxa- 
tion placed upon enlarged neighbor. 

The writer believes that recent developments construction, sani- 
tation, intercommunication and economy administration, warrant 
the removal all restrictions, and further, presents the propo- 
sition that natural causes will act restriction against excessive 
heights unless accompanied proportionate areas. One these 
due the limitations imposed elevator service. 
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The tall buildings which, New York, have been the subject most 
criticism, are chiefly those which, very confined area, rise 
extreme appearance, especially the dead sides, 
unsightly, and the architectural effects are almost ludicrous. The 
most flagrant example the St. Paul Building, which has, perhaps, 
caused more criticism the lofty building than any other. 

such buildings that the tenants upper floors find their 
means access less convenience than elsewhere. For instance, 
the building referred to, six elevators are installed, two serving the 
lower eight floors, two the intermediate, and two the upper eight 
floors. Each part the building, therefore, practically portion 
eight-story structure, having only two elevators, number cer- 
tainly inadequate comparison with others equal height elsewhere. 
Moreover, the upper set floors must reached ride 200 ft., 
equivalent its location that distance away from the main street. 

The failure architects grasp the statistics vertical traffic 
not wondered at, the extraordinary feature being their attempt 
deal with such subject. They have not, class, learned that 
the necessary proportion elevator mileage demands for certain 
height certain area, which combination the proportions very 
high building becomes less offensive. 

Further, the cost maintenance the upper floors 
high buildings often disproportionate their returns. These floors 
demand excessive amount heat for the winter season and increase 
the cost house-water pumping. addition, they must debited 
with the larger proportion the cost the elevator service, and all 
these things being considered, they should produce rental propor- 
tionately higher than floors below them. Such 
increase seldom applied, although some upper rooms are leased 
high prices account the views they command, and their freedom 
from street noises. These features, and the elevation above the heated 
streets summer, are found well worth paying for, 
the cause the willingness tenants reside increased dis- 
tance from the street. 

The general conveniences modern office and hotel buildings are 
great justify much greater inconveniences than they cause. 

The sanitary improvement over old and low buildings great, and 
security from fire and increase air space per tenant are worth 
general consideration. 

due the increase size means height that mechanical 
improvements can introduced which would otherwise impossible 
except the combination number owners contiguous 
properties. 

recent article* the writer has given some the figures cost 


Engineering Magazine, June, 1900. 
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internal services, and has shown that the mechanical equipment Mr. Bolton. 


reaches the proportions small central station, and can produce 
power several forms under the most economical conditions. The 
fact that all the waste steam can utilized for the necessary heating 
the building winter, and for other useful purposes such heat- 
ing water and cooking summer, places these equipments posi- 
tion superior the central station public supplies. 

capable proof that supplies power several forms can 
sold such large buildings neighbors figures very much less 
than the present cost public supplies. Such advantages may 
thereby presented contiguous property will themselves 
overcome the objection interference with light air, and the writer 
sees reason why tall building should not, such arrangements, 
source improvement its older neighbors, and thus directly, 
well indirectly, add their value. 
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RECENT PRACTICE RAILS. 
Informal Discussion the Annual Convention, July 3d, 1900.* 


FoR 


Progressive Increase Weight; the Increase Hardness, par- 
ticularly Carbon; the Sections most General Use; the effect 
changes Weight, Composition and 


Am. Soc. E.—As America came Great 
Britain for the rails used her first railroads, perhaps fitting that 
this paper should presented the Society London, and its 
first English meeting. 

The facts relating the introduction rails into the United States, 
and, later, their manufacture that country, are historically recorded, 
and will only briefly referred herein. obtaining the data, free 
use has been made James Swank’s valuable work, ‘‘Iron All 
Ages.” 

The first charter for railroad the United States was granted 
the Legislature New Jersey 1815, but the road was never built. 
April, 1823, the New York Legislature granted charter the Dela- 
ware and Hudson Canal Company construct canal and railroad for 


*The discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
Society for further discussion. (See rules for publication, Proceedings, Vol. xxv, 
71. 
number discussions this subject, presented the Convention, were not 
received time permit preparing them for this number Proceedings. They will 
appear subsequent number. 

Communications this subject received prior September 22d, will printed 
Proceedings, and subsequently the whole discussion will published 
Transactions. 
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the transportation coal from the anthracite coal fields Pennsyl- Mr. Hunt. 
vania the Hudson River. The road was16 miles long, but was not 
completed until 1829. was this road that the first locomotive 
was run America. 
Saturday, August 8th, 1829, the Lion,” built 
England, and weighing tons, made its first trip; active life was 
short, was found too heavy for the superstructure the 
road. 
The first American-built engine was operated the Baltimore and 
Ohio Railroad, August, 1830. was named Thumb,” and 
was designed and constructed Peter Cooper, who was somewhat 
restricted materials, had use gun barrels for tubes. The 
whole machine weighed but ton, and burned anthracite coal. The 
experiment was successful, and, based it, later machines were de- 
signed and built; the first one practical size and use being the 
Friend Charleston,” which was constructed the West Point 
Foundry, New York City, for the Charleston and Hamburg Railroad 
South Carolina. went intoactive and successful use that road 
December, 1830. 

Only some five years intervened between the opening the first 
railroad the world intended for general freight and passenger 
service—the Stockton and Darlington—September, 1825; and that 
the first one the United States for the same purposes—the Balti- 
more and Ohio. Its construction was begun July 4th, 1828, and 
were put upon for the accommodation the officers and 
gratify the curious ride,” 1829; but was not formally opened 
for travel until May 24th, 1830. was then miles long, extending 
from Baltimore Mills, Md. 

Thus, railroad building, many other things, the Americans 
were early disposed follow closely after their English relatives; and 
perhaps, like other younger people, were soon not satisfied follow, but 
aspired lead. Thus, the next passenger railroad constructed 
was the Charleston and Hamburg, already mentioned. This was 
opened for public use December, 1830. September, 1833, was 
completed for distance 135 miles, and was the longest continuous 
line railroad the world.” 


we 


The nucleus, from which later came the great New York Central 
and Hudson River Railroad System, was the Mohawk and Hudson 
Railroad, chartered the New York Legislature 1826, but not 
begun until 1830, and opened for travel 1831. extended from 


There were some earlier railroads, more properly tramways, built 


the United States, but those named the tirst really commercial 
roads. 


The rails used these roads were wood with flat bar-iron nailed 
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Mr. Hunt. their upper surface. The track the Baltimoreand Ohio Railroad 


described consisting of— 

Cedar cross-pieces, and string-pieces yellow pine from 
ft. long and ins. square, and slightly beveled the top the 
upper side for the flange the wheels, which that time was the 

outside. these string-pieces iron rails were placed, and securely 
nailed down with wrought-iron nails ins. long. After several miles 
this description road had been made, long granite slabs were 
substituted for the cedar cross-pieces and the yellow pine stringers.” 

The iron used for rails was in. thick ins. wide. 
heads the nails spikes holding down were countersurk 
it. 

One would judge, from the varying thicknesses and widths, that 
the specification and inspection were not very rigid. 

Notwithstanding these strap-rails being nailed 
was found that traffic would loosen them, with the final result 
their turning the wheels passed over them, and forming what 
were called heads.” These would occasionally tear through 
the bottoms the cars, and cause more less inconvenience not 
danger the passengers. the American engineers again turned 
England, where the same difficulties had led the invention rails 
different sections. believed that the first one was the fish- 
bellied rail, invented John Birkinshaw, the Beddington Iron 
Works, and patented October, 1820. This rail was held cast- 
iron chairs side keys wedges. The Baltimore and Ohio Com- 
pany soon afterward imported some these rails. 

The Stockton and Darlington, and its follower, the Liverpool and 
Manchester, which was opened September, 1830, were principally 
laid with rails the Birkinshaw type. The Stockton and Darlington 
also had few cast-iron fish-bellied rails. 

The Clarence rail was another English invention and was considered 
improvement the Birkinshaw. Rails that pattern were im- 
ported into America for the Allegheny Portage Railroad, built the 
State Pennsylvania over the Allegheny Mountains connect the 
canals either side them. This road was opened 1833. 

1834 the Columbia and Philadelphia Railroad was opened. 
Part this road was laid with flat rails, but the greater part the 
Clarence rails were used. both roads the rails rested stone 
blocks. These roads were after years absorbed the Pennsylvania 
Railroad. 

Another English section was the which rested chair. 
These were imported, and used the roads. Still later, came 
the U-rail, known Wales the Evans patent, and believed have 
been first rolled the Dowlais Works. 

Some the flat strap-rails were made America, but all the 
sectioned ones were imported. Some attempts were made use 

American cast-iron rails, but with unsatisfactory results. until 
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1844 that the manufacture sectioned wrought-iron rails was begun 
America. rolling mill was built 1843 the Mount Savage Rolling 
Mill Co., Mount Savage, Allegheny County, Md., expressly 
make rails. Operations commenced 1844, and for their first rail, 
which was the U-section, they were awarded silver medal the 
Franklin Institute Philadelphia. The rail weighed lbs. per 
yard. About 500 tons were laid 1844 the road then being built 
between Mount Savage and Cumberland, Md. later they 
rolled some rails for road between Fall River and Boston, and 
1845 and 1846 they rolled This mill, after being long 
abandoned, was finally dismantled 1875. 

The T-rail was generally known Europe the 
rail, Charles Vignoles, English railroad engineer, who 
introduced its use there. But was really invented Robert 
Stevens, Hoboken, J., President and Engineer the Camden 
and Amboy Railroad. 

1845, the Montour rolling mill, Danville, Pa., was built 
expressly roll T-rails, and October that year there was rolled 
that mill the first rail that section made America. 

1846, T-rails were rolled the Boston Iron Works, Boston, 
Mass.; Cooper and Hewitt’s mill Trenton, J.; the New 
England Iron Company, Providence, I.; the Phenix Rolling 
Mill Company, Pa.; the Great Western Iron Com- 
pany, Bradys Bend, Pa.; and the Lackawanna Iron Works, 
Scranton, Pa. 

the following years the manufacture was taken other 
companies; but owing the commercial conditions caused the 
severity foreign competition, early 1850, only two out the 
fifteen rail mills the United States remained operation. 

These early rails were all short; none over ft. long. the diffi- 
culties manufacture were overcome and the science track laying 
progressed, the length was gradually increased until ft. was reached, 
and was considered the Jimit. was not until about 1859 that railway 
engineers would accept those greater length. 

The first 30-ft. rails rolled America were made the Cambria 
Iron Company, Johnstown, Pa., 1855; but they could not find sale 
for them and they were finally used that company their mill 
yards. The first 30-ft. rails fill order were rolled the 
Montour Company, January, 1859, for the Sunbury and Erie 
Railroad Company. 

The rolling iron rails was attended with many difficulties. 
the pile bars was not heated sufficiently high degree, the welds 
would not perfect; and heated too highly, the iron would crack 
the process rolling and yield imperfect product. the metal 
was too soft, although the rail might free from flaws and bad welds, 
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Mr, Hunt. would wear out rapidly under traffic. Under all circumstances 


was important that the rolling process should completed quickly 
possible that the reductions should made while the iron had 
lost little its heat. This, together with some local conditions, led 
the invention John Fritz, Hon. Am. Soc. E., the three- 
high rail train. Three-high sets rolls had been used for many years 
making merchant bars, but required the application the 
Fritz Yielding Hanging Guides and Driven Feed Rollers,” make 
them practical for rail rolling. This improvement was put into suc- 
cessful operation the Cambria Mills 1857. has ever since 
remained the typical American rail mill. Since the introduction 
steel rails there have been several two-high reversing mills the 
English plan, used America; fact, two this kind are now 
running. But the three-high the American mill, and has per- 
mitted the tremendous production which has been attained later 
years. 

The early mills required the work handling the material 
passed through the rolls done manual labor, through the use 
tongs and hooks. Probably the rolling iron piles with their 
necessarily peculiar handling, would have indefinitely continued this, 
but with the use solid steel blooms, the troubles lessened and 
made possible the introduction automatic machinery. The tong 
and hook system necessitated the employment men, and the 
production steel rails was limited not over 250 tons per turn. 
Automatic revolutionized this, both number men 
employed and the possibilities production. 

It.was the writer’s fortune introduce the first driven rail-mill 
tables, those the works the Albany and Rennselaer Iron and Steel 
Company, Troy, Y., March, 1884. These were front the 
finishing rolls, and worked well that automatic arrangement was 
soon after placed front the roughing rolls. This latter arrange- 
ment was more particularly designed Mr. Max Suppes, then the 
master mechanic the works, and now the general manager the 
Lorain Steel Company, Lorain, Ohio. Naturally, these devices were 
protected letters patent. From this start other inventions were 
made, and many improvements other American engineers have fol- 
lowed, until the present American rail mill, capable turning out 
000 tons finished rails per month, has been developed. 

was the writer’s fortune become connected with rail making 
1856, and among his earliest recollections the statement that the 
users rails had service certain makes which had been and were 
giving results impossible obtained from any more recent 
manufacture. How familiar that statement must sound many 
you, and recent date! 

Then, now, the question demanded answer, and many sought 
for the solution. 
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The first iron rails were made from straight puddled bars. These Hunt. 


bars were about in. thick and were placed one upon another, until 
pile sufficient weight and height was formed; the pile was then 
reheated and rolled into rails. And was the formation that 
pile that inventive genius was applied. 

From investigation the fracture some the rails which 
had given satisfaction, was discovered that the pile bars from 
which they had been rolled, had been entered the rolls edgewise, 
thus bringing the line welds between the bars vertical instead 
horizontal position. This presented different structure the wheel 
wear, and seemed logical. Based that supposition many rails 
were rolled, and the writer believes that the scheme was patented. 

Where the rail was rolled with the layers the pile horizontal 
position, particular attention was given the character the top 
bar, which would, course, form the wearing surface the rail. 
Cold-short granular iron was used for it, while the remainder, 
least the flange the rail, was fibrous iron. 

one time rail with puddled-steel head—or rather with the 
top bar the pile puddled steel—found much favor, but, owing 
the difficulty obtaining uniformly good welds, the results were 
not satisfactory. Some these so-called steel-headed rails had the 
top bar what was known silicon steel. 

Another plan, which much money was spent, was hammer pud- 
dled ball, weld two puddled balls together, under steam hammer, 
and draw them into slab ins. thick, which was used the 
top the rail pile. Under order from the Pennsylvania Railroad 
Company, the Cambria Iron Company, whose employ the writer was 
then serving, erected special steam hammer, and made several thou- 
sand tons such rails. Their service was somewhat disappointing, 
and the practice was abandoned. 

that time, since, commercial conditions controlled. The 
railroads had the worn-out rails their hands, and, regardless 
whether not the practice would give satisfactory results, they 
adopted system having the old rails re-rolled into new ones. 
first certain percentage new iron was specified, but the 
necessities for immediate economies increased, that demand was 
eliminated from the contracts, and the new rails were composed 
entirely the old ones. The best practice was make pile 
old rails, break down into bars, which were piled upon each other, 
and then rolled into rails. But presently this was found 
too expensive successfully meet the cry for cheaper rails, and 
only the top and bottom the piles were formed from re-worked iron, 
the center being composed from three six pieces old rails. 

From the many re-workings, the cheapening the process 
manufacture, and the increasing demands traffic, the wear the 
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iron rails become more and more unsatisfactory, until seemed as. 
though, from that cause alone, the limit railway development had 
been reached. Such situations frequently occur earthly affairs; 
and seldom ever has the occasion failed met solution 
its difficulties. this case, came the invention Bessemer. 

historical fact that the first made from Bessemer 
steel was placed the Midland Railroad, England, early 1857, 
point where iron rails had sometimes renewed within three 
months; and remained there until June, 1873, some sixteen years, 
during which time about 250 000 trains and any number detached 
engines and tenders passed over it. 

all realize that without such innovation Bessemer’s, the 
subsequent tremendous expansion railway development would have 
been physically impossible. 

Railway managers were timid about using steel rails, and 
America many attemps were made produce satisfactory rail 
having iron base and web, with steel-capped top. None was 
satisfactory, and the Bessemer steel rail soon conquered the situation. 

The first steel rails laid down American railroad were 
imported Edgar Thomson, President the Pennsylvania 
System. 

The first manufactured America were rolled the mills 
the North Chicago Rolling Mill Company, Chicago, May 
24th, 1865, from ingots produced experimental steel works 
Wyandotte, Mich. They were not many number, and were made 
the regular iron rail rolls the mill. Several the rails were put 
local railway tracks and gave good service. 

The first production steel rails the United States, com- 
mercial order, was the Cambria lron Company’s mill, August, 
1867, from ingots made the Pennsylvania Steel Company, near 
Harrisburg, Pa. The converting works that company were com- 
pleted some time advance its rail mill, which led arrange- 
ment under which the ingots were sent Johnstown ham- 
mered into blooms which were then reheated and rolled into rails. 
The steel was made under the management the late Alexander 
Holley, Am. E., then charge the Pennsylvania Steel 
Company. George Fritz was the Chief Engineer and General Superin- 
tendent the Cambria Iron Company, and Alexander Hamilton, 
Superintendent the rail and other mills, while the writer was 
direct charge the steel department. 

matter some interest, that the drawn down 
the steam hammer which had been installed some years before 
make the hammered iron slabs for the Pennsylvania Railroad Company’s 
rails. From this time, the production America Bessemer steel rails 
increased rapidly. 


DISCUSSION PRACTICE RAILS. 759 


For time after the starting the Pennsylvania Steel Company’s Mr. Hunt. 
Bessemer Works, the ingots were cast from the top, the then- 
accepted English plan. Mr. Holley’s mind was not constituted that 
could long follow any beaten track without effort better 
work some other line. Thus, introduced the bottom-casting 
ingots; pouring the steel into central octagonal mould about ins. 
diameter the bottom and 10ins. atthe top, from the bottom which 
the metal flowed through connecting gates into four surrounding 
moulds ins. square. This plan was adopted after consultations with 
Mr. George Fritz, who had roils turned take the ingots. 

The central sprue ingots were hammered into blooms. was 
found that the small ingots rolled satisfactorily, while, the contrary, 
the central ones cracked badly during working. 

This led much discussion and consultation among the operative 
officers the Cambria Company and Mr. Holley, which was 
that John Fry, then superintendent the Cambria Iron Company’s 
iron foundry, suggested the use rammed-up center sprue, ins. 
diameter, connecting through fire-brick gates with surrounding ingots; 
the sprue and gates treated scrap. This plan answered 
admirably. 

While charge the experimental Bessemer Works Wyan- 
dotte, Mich., the interest the Cambria Iron Company, the writer 
had developed manner bottom-casting ingots. Mr. Holley, 
ing protected his plan patent, Mr. Fry and the writer united 
patenting theirs, and their interests and those Holley were consoli- 
dated. For some years after this, practically all bottom-casting 
ingots America was licensed under these patents. After the 
price rails became much reduced that the loss incident the 
scrap the center sprue and bottom gates made bottom-casting 
became serious matter, and while was and impossible cast 
sound, and hence good, ingots from the top, the better plan was 
abandoned. 

first, all the American Bessemer’s works pursued the English 
plan reducing the ingots blooms under steam hammers. This 
was the Pennsylvania and Troy Works. The success rolling 
the ingots Johnstown led the invention the American 
blooming mill, and this soon completely superseded the steam hammer 
rail making. 

This idea originated with Mr. George Fritz. Holley and were 
intimate friends and exchanged views freely. Holley had severed his 
with the Pennsylvania Steel Company, and returned 
the Troy, Y., Works. There blooming mill. 
While had tables, their rollers were not power-driven, and the 
ingots had pushed into the rolls and turned over the tables 
hand. Soon after, George Fritz built blooming mill Johns- 
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Mr. Hunt. town, connection with Bessemer converting plant, and put into 


use his patented ideas driven rollers, hydraulically controlled 
movable rolls, and ‘‘turning over and sliding from pass pass” 
device, christened the mill hands which permitted 
the economical handling larger ingots. This was the birth the 
American blooming mill. perfecting his plans George Fritz had 
the benefit the advice his brother John, then manager the 
Bethlehem, Pa., Works. 

Perhaps these details apply more rolling-mill practice than 
the rails themselves; but the writer thinks that they have played 
most important part relation the character steel rails, and are 
pertinent the subject. started the innovation which the 
production steel ingots has been increased greatly. Fritz gave 
the blooming mill, which would not only take care all that was sent 
from the converting works, but like Oliver Twist, ask for more; 
and the late Capt. William Jones, Robert Forsyth, Am. 
E., and several others built rail mills which were not satisfied with 
the amount steel sent them any blooming mill. This has all 
been magnificent. has made possible undreamed-of low prices for 
steel rails. has helped build railroads, but has improved the 
quality the rails produced? 

Steel rails, when first manufactured, replaced iron rails, which, 
through their deteriorated quality and the increased duty demanded 
them, were giving most unsatisfactory service. Some the early 


rails failed, but most them were much better than the best 


their predecessors that such failures did not excite adverse com- 
ment. They were what would now considered light sections, 
thus their production from the 6-in. 7-in. blooms from 
which they had been rolled, had received much work, and com- 
paratively low temperature. the writer’s judgment the greatest 
factors the production good rails are covered the words work 
and temperature.” All steel men know that work high heats does 
not change the grain steel all proportion work given 
lower temperatures. 

For years after the introduction steel rails per yard 
section was considered heavy one. fact, America was the 
heaviest used, and much the largest percentage was not over lbs. 
These were rolled from 7-in. blooms. The ingots from which the 
blooms were made were generally ins. After the bloom was 
formed was examined carefully after becoming cold, and all cracks 
and mechanical imperfections were chipped out. Then, after slow 
heating, with care avoid too high temperature, the blooms were 
rolled into rails light reductions. While this was being done, 
defect showed itself, the process was stopped until was chipped out. 
-Now, this slow work moderate and steadily decreasing tempera- 
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ture, resulted fine grained metal, which, necessity, matter Mr. Hunt. 
what may have been its chemical composition, would give greater 
resistance the wear traffic than could possible from the coarser 

grained steel which the head the heavier and more rapidly 

rolled sections to-day. 

waiting long enough the things the past always become the 
best. That is, provided the past not examined too closely. must 
remembered that the early rails replaced much inferior article; 
fact, created revolution railway maintenance way. Hence, 
few from any cause failed, excited little comment; they were quietly 
replaced others. After while these failures were forgotten, and 
the whole lot existing rails was instanced example what 
rails should be. Another thing which must not overlooked is, that 
the early steel rails had the ultimate stress traffic applied slow 
degrees. other words, the traffic which they were subjected 
when first put service was for them light duty. Heavier rolling 
stock, faster and more frequent trains, came gradually. The old-time 
rails, which are these later days reverently mentioned, had been 
subjected cold-rolling process before being given their severest. 
task. To-day rail hardly cold before 175 000-lb. loco- 
motive, hauling 100 capacity cars miles per hour; and 
limited expresses heavy Pullmans miles per hour are thunder- 
ing over it. 

The details manufacture steel rails changed, not only 
America, but also England and other countries. This had 
and would to-day impossible return the earlier methods 
restore the service stage coaches. 

1876, the writer presented paper the Philadelphia 
the American Institute Mining Engineers, The History 
the Bessemer Process America,” and with great pride chronicled 
the fact that the North Chicago Bessemer Works, under the manage- 
ment Robert Forsyth, had, single month, produced 457 gross 
tons ingots, and that led the world’s records. These ingots were 
all rolled into rails. To-day, the North Chicago Converting Works 
and rail mill are abandoned, their places having been taken the 
present South Chicago plant the Illinois Steel Company, which 
rail mill the largest month’s production has been 103 gross tons 
standard-sectioned 

The Edgar Thomson Works the Carnegie Steel Company 
made 074 gross tons rails calendar month. Other 
mills are turning out large tonnage, but believed that the fore- 
going present hold the record. 

While the faster work modern practice has somewhat altered 
the character the steel rails, must not assumed that the 
product has been increased without any regard other 
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Mr. Hunt, That not true; the contrary, the outward character finish the 


rails has been improved radical extent. While working fast, the 
improved machinery also reliable, and the care exercised keeping 
true section, square sawing, accurate drilling and straightening 
both line and surface, yield results which would have been impos- 
sible obtain the earlier days. fact, the requirements the 
railways, consequence increased weight and speed traffic, etc., 
have made imperative that such finished rails should given them. 

not desired draw any invidious comparisons, but, 
writer’s judgment, American makers are to-day not only turning out 
the most rails, but the same time the best finished ones now pro- 
duced. Moreover, foreign rails, imported into the United States and 
Canada during late years, have not worn any better than American 
rails. 

has been stated that examining into the past sometimes disproves 
assumptions. that, while the earlier days rail steel and rails 
were made with all the time care which has been described, all 
the rails produced were not satisfactory. fact, the experience 
the Pennsylvania Railroad was such that their chemist, Charles 
Dudley, Am. Soc. E., made elaborate investigation into the 
chemical composition their satisfactory and unsatisfactory rails. 
His deductions were presented the American Institute Mining 
Engineers October, 1878, and elicited memorable discussion. Dr. 
Dudley concluded that rail steel could too hard for good service, 
even though the rails did not actually break. His conclusions were 
favor chemically softer metal. Some those discussing the 
matter thought and stated that the size the rail sections should not 
ignored. 

the accredited authority the great Pennsylvania Railroad, 
Dr. views carried added weight, and resulted demand 
America for softer rails. The writer thinks that one to-day will 
attempt defence that position. fact, the practice did not long 
prevail. But cannot safely claimed that the present rails, 
whether made America imported from Europe, are giving abso- 
lutely satisfactory results. They are permitting the accomplishment 
work which, but little while ago, would have been considered 
impossibility. Still, engineers had ever been absolutely satisfied 
with that which was, progress would have halted. Heavy-sectioned 
rails which will yield better results than those now being obtained are 
needed. Our railway organizations have generally become situated 
financially, that they need longer limited the immediate present 
the policies their administrations. 

the old countries, railroads were built because there was popu- 
lation whose needs demanded them. this country, they were often 
built because there was tremendous amount country and 
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lation. cheap construction, still have plenty Mr. Hunt. 


room for more people, our country has become rich enough jus- 
tify the best railroads, and, fact, imperatively demands them. 
The successful operation the roads themselves can only such 
the railroads increased number, and their requirements 
varied accordance with their traffic and profiles, and being con- 
structed and operated many different men, was natural that not 
only the weight rails used, but their sections, should differ. fact, 
almost every road had its own particular section. The variations 
between many were slight, but sufficient necessitate the use 
special rolls their manufacture. This had become pronounced, 
and caused great investment capital the part rail makers 
and loss time changing from one section another, etc., that 
Mr. Holley, his characteristic progressive spirit, attacked the situa- 
tion paper presented the American Institute Mining Engi- 
neers, February, 1881. this stated that, answering his 
inquiries, the eleven Bessemer mills then making rails the United 
States had sent him drawings 188 patterns which were considered 
standard ones, and that 119 patterns different weights per yard 
were regularly manufactured. Mr. Holley gave drawings many 
these and pointed out the absurdity some the variations. His 
paper attracted wide interest, but was difficult. matter reach. 
However, its discussion was continued others later. Mr. 
Dudley, who had devoted much time the study the wear rails, 
and who invented recording car for the examination the rails, 
contributed papers the subject both the scientific press and 
societies. Mr. Hawks, Am. E., then Chief Engineer the 
Michigan Central Railroad, advocated certain sections, also did 
Whittemore, Past-President Am. Soc. E., and the writer also 
presented series sections paper read before the American 
Institute Mining Engineers, February, 1899. 

This Society appointed the committee The Proper Relation 
Each Other the Sections Railway Wheels and Rails,” which per- 
formed its duties thorough and following and resulting 
from its reports, the Society appointed committee consider and 
recommend series Standard Rail Sections. This was 1891, but 
the final report the Committee was not made until June, 1893.* 


During the intervening years the members the committee 


worked faithfully; consulted personally and correspondence with 
many the chief engineers the railroad systems the country, 
and agreed upon all points but one. One member, Mr. George 
Morison, differed with the Chairman, Mr. Bouscaren, and with 


Messrs. Foster Crowell, Virgil Boguo, Felton, Hawks, 


Transactions, Am. Soc. E., Vol. xxviii. 
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Mr. Hunt. Wilder, and Robert Hunt, the width heads the proposed 
sections, and, that point, made minority report. 

secretary the committee during the latter part its work, 
the writer knows the difficulties and labors the task, and naturally, 
gratified know that the recommended rail sections are to-day 
practically the standard ones for American railroads. During 1899, 
quite all the rails rolled American rail mills were what 
are commercially known the American Society sections. 

Geographical and commercial conditions must govern. When the 
Bessemer process was first introduced America, imported English 
pig irons were used making the steel. American irons were experi- 
mented with and gradually displaced foreignirons. This practice first 
prevailed the works located west the Allegheny Mountains. 
They soon relied entirely upon charcoal pig, made from Lake Superior 
and Missouri ores. This was much higher phosphorus than the 
English irons, but the results obtained from were satisfactory 
that the investigation continued and extended the use American 
mineral fuel irons, both anthracite and coke. After time these com- 
pletely displaced both foreign coke and American charcoal brands, 
both western and eastern works. 

happened that, while the most available western ores contained 
percentages phosphorus fully the limit possible for Bessemer 
uses, the cheapest eastern ores were quite low that obnoxious ele- 
ment. Hence, has been and fact, that some the rail makers 
located east the Alleghenies can produce rails low phosphorus 
contents, while using the lowest priced pig metal. The opposite 
true the western mills. These geographical and commercial con- 
ditions have led the use entirely distinct chemical specifications 
the two districts—at least some the leading makers those 
districts. 

The heavier equipments and higher speeds required more rigid road 
beds, which could only obtained heavier sectioned rails. These 
were gradually adopted. was naturally expected that the sec- 
tions were increased would the resulting amount service yielded 
the rails. From the very first, the results obtained were disap- 
pointing, and the writer doubts whether will ever succeed getting 
results satisfactory those yielded the lighter sections. 
area the section increased, so, necessity, will the work upon the 
steel forming decreased; and the resulting mass enlarged, 
will the amount heat retained the time the final reduc- 
tion through the rolls increased. the writer’s judgment will 
found that the most satisfactory results will obtained 
modifying the rolling system that the final pass (or better, passes) 
shall given after the temperature the partially formed rail has 
been lowered. This not any means new idea, but yet has 
not been carried out manner calculated obtain the best results. 
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Some years ago, Mr. Delano, now Superintendent Motive Mr. Hunt. 
Power the Chicago, Burlington and Quincy Railroad, the interest 
that company, had some rails rolled the South Works the 
present Illinois Steel Company, then owned the North Chicago 
Rolling Mill Company, such lines and under his personal super- 
vision. Unfortunately, these rails were peculiar section, which 
was not continued, but the writer believes that the wear the metal 
itself was encouraging. 

The satisfactory wear being given rails renewed the McKenna 
the Joliet and Kansas City Mills the McKenna Steel 
Working Company, bears very strongly this point. Mr. McKenna 
takes rails which have become unfit for further service main line 
tracks, from having become rough surface, through flow metal, 
other causes; which have become curve-worn the side the 
head; and, after carefully removing any fins which have been formed 
the upper edges the heads metal flow, charges them into 
long furnace, and, when heated not more than Fahr., 
they are drawn from the furnace contrivance which 
the same time removes any scale which may have formed their 
surface, and slightly upsets flattens the section. The rail then 
passed through set forming rolls, from which carried forward 
another set, which given finishing pass. The rail then 
sawed hot, and cold-straightened and drilled the usual manner. 
And while the section has been somewhat reduced, the original finish- 
ing sections and heights have been maintained. 

Now, the steel has been given finishing work low temperature, 
and examination has proven that the grain the metal the head 
the rails has been But, more important than all, the wear 
the renewed rails promising much more satisfactory than that 
obtained from new rails heavier sections. This treatment rails 
longer experimental state, over five years old, and 
there are nearly 100000 tons renewed rails service the 
Chicago, Milwaukee and St. Paul; Atchison, Topeka and Santa Fé; 
Wabash and other large systems. One chief engineer, whose road 
there are many these rails, says: ‘‘No rail ought used all 
until after has been renewed.” 

The writer has already stated that, owing geographical, and 
hence commercial, conditions the chemical specifications under 
which rails are made differ east and west the Allegheny Mountains. 
the Scranton and Bethlehem District what are known the New 
York Central and Hudson River Railroad specifications, which were 
originally formulated for that road Mr. Dudley, are regarded 
the standard; while for the mills the Alleghenies, different 
formula followed. Some the main railway systems insist 


buying under their own chemical specifications, matter where 
made, 
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The writer has gone record often, believing that the 
absence work low heats, incident the present method 
making heavy-sectioned rails, important increase the carbon 
with the section great extent the phosphorus present will 
permit, without incurring risk from breakage, that seems unneces- 
sary, repeat the arguments. 

the Atlanta meeting the American Institute Mining Engi- 
neers, October, 1895, the writer presented set specifications for 
rails Heavy Sections Manufactured West the Alle- 
accordance with these specifications thousands tons 
have been made and used with satisfactory results. During the last 
two years the western makers have declined limit the phosphorus 
less than 0.10 fact, have been making steel with fraction less 
than that amount—say 0.09 0.096 And regrets that 
many cases they insist that the amount carbon shall less than 
that which has advocated. believes, however, that gradually, 
higher carbon will prevail; and certainly has not had any cause 
change his mind the subject. His experience steel-rail maker, 
and observer the wear steel rails many sections and 
diverse chemical composition, leads him advocate: First, work, 
after careful heating the steel, and continued until its temperature 
has been much reduced. Second, that the carbon percentages shall 
increased proportion the increase rail section, the ultimate 
amount being, necessity, limited the contained percentage 
phosphorus. Inall cases advocates the use drop tests, samples 
from each heat steel. 

present many the American railway engineers use the drop 
test, but none them demands the static tensile insisted upon 
many engineers other countries; nor does the writer think 
there any necessity for these latter. The chemical analyses and 
drop tests are all sufficient. 

matter record, the writer gives the chemical formulas con- 
tained his specifications 1895, accordance with which, stated, 
thousands tons have been have given good results. 
And while present the western makers decline limit their steel 
phosphorus, the writer certainly sees reason decrease the 
other words, many rails have been made and proven 
safe with quite much carbon given these specifications, and 
with 0.10% phosphorus, that the writer does not think the former 
element should made less, certainly not until the details manu- 
facture have been changed. 

The standard specifications the Louisville and Nashville Railroad 
Company are also given, they cover both Bessemer and basic open- 
hearth steel rails. 


The so-called New York Central and Hudson River Railroad Com- 
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pany’s specifications are also appended; and the present standard Mr. Hunt. 
specifications the western rail mills. 


SPECIFICATIONS. 


8.—The carbon the section shall not below 
nor over per cent. the 75-lb. section, not less than 0.45% 
nor over 0.53 per cent. the section, not less than 0.48%, nor 
over 0.56 per cent. the 90-lb. section, not less than 0.55%, nor over 
0.63 per cent. the section, not less than 0.62%, nor over 
0.70 per cent. 

The phosphorus shall not exceed 0.085 per cent. 

The silicon shall not below 0.10 per cent. 


The remainder the chemical composition the steel left 
the maker’s judgment. 


The steel used for rails shall contain carbon follows: For 
steel rail from 0.42 0.52 1%; for steel rail 0.47 0.57 1%, 
and for 80-lb. steel rail 0.55 0.65 and not more than 
per cent. 

When the steel used for the rails has been made the basic open- 
hearth process, should the following chemical composition: 
For steel rail, from 0.45 0.52% carbon; for 
0.57%; for rail, 0.55 0.60% for rail, 0.62 0.67 per 
cent. The steel used for all rails shall contain silicon from 0.10 
0.20%, being preferred; manganese, phosphorus, 
not exceed 0.05%; sulphur, not exceed 0.05 per cent. 


New Hupson River SPECIFICATIONS. 


0.069 0.069 0.069 0.069 0.069 
0.06 0.06 0.06 0.06 0.06 
Rails having carbon below 
will rejected ............ 0.48 0.45 0.48 0.60 
Rails having carbon above 
will rejected ............ 0.57 0.59 0.62 0.65 0.70 
SPECIFICATIONS THE WESTERN 
not over not over notover notover not over 
Silicon not over notover notover notover not over 
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Lapp Am. Soc. Mech. Eng. (by letter).—Mr. 
Hunt very appropriately opens the discussion remarking that: 


America came Great Britain for the rails used her first 
railroads, perhaps fitting that this paper should presented 
the Society London, and its first English meeting.” 


this the writer would like add that America now exports 
rails British Colonies, also fitting, perhaps, that this first 
English meeting, few words addressed English engineers 
friendly criticism foreign rail specifications, and few practical 
suggestions given modifications which can safely made their 
specifications without any danger obtaining inferior product from 
American rail mills, and with the decided practical advantages lower 
prices and more prompt delivery. 

discourtesy intended our hosts, the Institution Civil 
Engineers, this evident effort advertize American steel. The 
halls our technical societies, and the columns our technical press 
are just freely open our English friends, and one quicker 
appreciate and adopt foreign ideas, patents products than the 
American engineer, and the American purchasing agent. 

The following official statistics show the rapid increase the ton- 
nage and value steel rails exported from America recent years: 


Gross tons. Value. 


the following brief review, the requirements foreign rail 
specifications will compared with those contained proposed 
standard American specification for rails, recently framed Commit- 
tee No. the American Section the International Association for 
Testing Materials, and which specification will presented this 
Committee the Annual Meeting the American Section, October, 
1900, for discussion and adoption the standard American specifica- 
tion. 


review forty-one foreign rail specifications, eight were found 
which limit the manufacturer the use ‘‘The best English 
Spanish hematite pig iron and charcoal This require- 
ment, course, cannot complied with American mills, nor the 
present state the art, does seem necessary stipulation any 


case, particularly as, strictly interpreted, seriously limits com- 
petition. 
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CHEMICAL PROPERTIES SPECIFIED. 


(a) Carbon.—In 63% the forty-one foreign specifications reviewed, Mr. Colby. 


limits carbon are specified, and the majority these cases arange 
carbon from 0.10 0.15% given. This general accord 
with American practice, except that the proposed American standard 
specification increases the carbon gradually with the increased weight 
section, specifying each case range 0.10 per cent. ‘This 
accord with Mr. Hunt’s suggestion that ‘‘The carbon percentages 
shall proportion the increase rail section.” 

The actual percentages carbon given foreign specifications 
will not discussed detail. The proper structure insure safety 
and wearing qualities what desired rails; and the percentages 
carbon, and other hardening elements which will give this structure, 
vary with the finishing temperatures, the chemistry must changed 
suit the varying conditions manufacture. Some American rail 
mills have recently been successful experiments looking toward the 
finishing rails lower temperature than present vogue 
America, without diminishing the present output. This recently 
patented improvement accord with Mr. Hunt’s suggestion that: 


the writer’s judgment will found that the most satisfac- 
tory results will obtained modifying the rolling system that 
the final pass (or better, passes) shall given after the temperature 
the partially formed rail has been lowered.” 


short, international standard composition for rails utterly 
impracticable, and useless for any country, any engineer, 
assert that their composition the best, and, therefore, should 
adopted all countries.* 

(6) Phosphorus and Sulphur.—Thirty-two per cent. the foreign 
specifications reviewed, called for phosphorus and sulphur 
0.06% below. meeting these requirements will furnished 
America, at, course, considerably higher price than charged 
for rails 0.10% phosphorus, which latter forms far the largest 
proportion the product American rail mills. Many thousands 
tons American rails 0.10% phosphorus have given satisfactory 
service under severe conditions. The increased cost 0.06 
phosphorus rails, over that rails containing 0.10% phosphorus 
does not, the opinion many competent judges America, obtain 
correspondingly safer better rail from American mills. 

Mr. Hunt states that: 

geographical, and hence commercial, conditions the 
chemical specifications under which rails are made differ east and west 
the Allegheny Mountains. Scranton and Bethlehem District 


what are known the New York Central and Hudson River Railroad 
specifications, which were originally formulated for that road Mr. 


Iron and Steel Institute, No. 1898, pp. 76-110; especially 106. 


; 
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Mr. Colby. Dudley, are regarded the standard; while for mills west the 
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Alleghenies, different formla followed.” 

The Bethlehem District referred longer producer rails, 
and the writer happens position know that the New York 
Central and Hudson River Railroad Company has very recently aban- 
doned the 0.06% phosphorus limit Mr. Dudley, 
and has purchased rails 0.10% phosphorous. can hence safely 
asserted, that, far tonnage concerned, practically all American 
roads now use rails phosphorous. 

Silicon and Manganese. —About one-half the foreign rail speci- 
fications examined mentioned limits silicon and manganese. The 
silicon specified varies from 0.06% 0.25 per cent. The manganese 
varies between the wide limits 0.40% and 1.20 per cent. American 
milis would not inclined furnish rails specification limiting 
the manganese the requirement mentioned one specifica- 
tion examined. The American standard specification for rails states 
that silicon shall not exceed 0.20%; and gives range 0.30% 
manganese, the limits varying with the increased section between 0.70 
and 1.10 per cent. 

general, may stated that the strict adherence, foreign 
engineer, specified complete chemical composition, independent 
the varying conditions manufacture, and the rejection large 
lots rails solely because the sample, assumed represent the lot, 
exceeds some respects the specified chemistry, compels his client 
pay much more than necessary obtain first-class rail to-day from 
American mills. 


SAMPLES ANALYSIS. 


Some foreign specifications require that every heat rail steel shall 
analyzed for phosphorus and arsenic, and stipulate that the 
phosphorus and arsenic exceed 06% the heat not bejused. has 
been proved conclusively that arsenic should not classed with phos- 
phorus its effect upon the physical qualities Further- 
more, there rapid method which both phosphorus and all 
the arsenic can determined, the ingots each blow could not 
held for analysis, but must rolled into rails and subsequently 
rejected the analysis shows phosphorus and arsenic over 
0.6 per cent. This burden, with the unnecessarily frequent analysis 
demanded, will not assumed the American manufacturer with- 
out substantial remuneration, and will more often result refusal 
bid unless this requirement the specification withdrawn. 

arbitrary clause certain foreign specifications, states 
that each 500 tons finished rails will accepted rejected the 

Harbord and Tucker, Journal, Iron and Steel Institute, No. 1888, 


pp. 196, and No. 1895, pp. 131-182 and 127-1 
Stead, Journal, and Steel Institute, No. 1895, pp. 77-140. 
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analysis piece one rail, selected the engineer; said analysis Mr. Colby. 
selected the engineer. American mills the rails pass over several 
cooling beds, and are drilled many sets presses. Without great 
additional labor, therefore, land the finished rails 
consecutive heat numbers 500-ton piles the yard, await the com- 
plete analysis the independent and probably distant chemist. 
the light all that has been published, and candidly admitted the 
manufacturer, the unavoidable variation composition even 
the different parts section rail, say nothing the variation 
different rails blow, how can engineer conscientiously accept 
reject 500 tons rails from the analysis single rail 


Puysicat PROPERTIES SPECIFIED. 


Tensile Strength and Elongation.—With specified chemical com- 
position, drop test, and, most cases, dead-weight test also, ten- 
sile strength and elongation unnecessary requirement. fact, 
when carbon, and other hardening elements are specified, and strictly 
adhered to, the tensile strength and elongation should not made 
the subject specification. Tensile specimens represent, best, only 
part the cross-section the rail. taken from the center 
the head, the results are affected the segregation the hardening 
elements, and not represent the portion the metal subjected 
greatest strains service; taken from the exterior surface, the 
results are apt affected the presence few partly welded 
blow holes. neither case, therefore, can the tensile specimen 
considered fully representing the rail from which was cut, much 
less any lot rails from which the sample was selected. 

(e) Drop Tests the foreign specifications reviewed, very 
properly contain drop test; some the drop tests specified, how- 
ever, are open considerable criticism. Where chemical composition 
specified, and faithfully followed, the drop tests should not include 
certain maximum deflection, but should simply specify that the piece 
rail shall not break under single blow the head, the tup falling 
from height increasing with the weight the rail section. Where 
the engineer prefers include certain maximum deflection the 
drop test, besides specifying that the piece tested rail shall not 
fracture, the percentage carbon should omitted from the chemical 
requirements. Either method will insure safe hard rail; but spe- 
cified range carbon perhaps better and more prompt 
means securing and maintaining uniformity the product. 

(f) Dead- Weight Tests Specified.—This transverse test under static 
load should include determination the yield point, and, means 
still heavier loads beyond the yield point, the determination 
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Mr. Colby. greatest permanent deflection. The test may looked upon un- 


necessary when the chemical composition fully specified and when 
the ability the finished rails withstand shock determined 
drop test. However, the requirements the dead-weight tests con- 
tained foreign specifications are met without difficulty American 
mills. Seventy per cent. the forty-one specifications examined 
specify dead-weight test, but quite number only weight 
used which will give permanent set. The test is, therefore, fre- 
quently regarded American mills least unnecessary, for, when 
the loads specified are within the elastic limit the steel, the deflec- 
tions are merely factors the section the rail. 


Some foreign specifications require, even after the templets have 
been approved the engineer, resident abroad, that section the 
rail ins. long must submitted the foreign engineer and ap- 
proved writing before the general rolling can proceed. This 
needless delay, confidence can safely placed the skill and in- 
tegrity American manufacturers. 

number foreign specifications the permissible variations 
height sections are too rigidly drawn allow for the unavoidable 
wear the rolls. Smoothness track nowise jeopardized 
allowance in. under and over the specified height; they are 
the variations permitted the best American number 
foreign specifications allow less variation length rail than 
which the uniform practice American railroads. 

Most foreign specifications allow variation weight for 
individual rails. This can easily reduced 0.50% for the entire 
order, but the rails should paid for actual, and not estimated, 
weights. 


American mills are noted for their willingness afford the inspec- 
tor every facility enable him satisfy himself that the rails are 
being furnished accordance with the specifications. they 
have right expect from foreign purchaser inspection which will 
not delay manufacturing operations. This means always 
realized, and, frequent cause expensive and annoying de- 
lays, proper subject comment. 

The inspectors sent American mills are frequently unfamiliar 
with rail inspection, and are, therefore, too strict their inspection, 
and too slow their decisions. Again, when the specifications require 
all four sides every rail examined for flaws, all holes gauged* 
each rail tested for length and squared each end, and stamped 
four places the inspector’s mark, and also require him present 
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the rails see that only those bearing his stamp are loaded, mani- 
festly unfair the manufacturer send but one inspector the mill 
and expect the manufacturer conform his product the number 
rails that one inspector can pass upon, nine ten hours the 
twenty-four. Lack inspectors frequently necessitates change 
rolls the mills, and has delayed the departure vessels which 
the rails were being loaded. Assuredly, sufficient number in- 
spectors inspect the entire product the mill each day should 
furnished. 

Some foreign specifications require that all rejected rails shall 
piled and kept until the completion the contract, that, any 
time, the inspector may check them with the numbers entered the 
book; and that rejected rail shall sold broken until the com- 
pletion the contract. This manifestly unfair the manufacturer, 
because large contract, not continuously rolled, considerable 
tonnage second-quality rails might tied up, which might other- 
wise sold. Some foreign specifications state that the final accept- 
ance the rails and splice bars shall the port delivery. This 
unreasonable; final acceptance should based tests and inspec- 
tion made the place manufacture. 

The writer confident that foreign purchasers have desire 
knowingly include their specifications, requirements which, while 
securing more efficient product, operate limit competition and 
increase the cost inspection and the price product. This thought 
prompted the foregoing criticism foreign rail specifications, which, 
hoped, will result the mutual advantage the foreign cus- 
tomer, and the American mills. 


the testing, weigh the rails, and watch the loading Mr. Colby. 
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Informal Discussion the Annual Convention, July and 5th, 


FoR Discussion. 


The several Processes now used for the Removal Objectionable 
Matter; their Comparative Sanitary Effect, Cost and Reliability.” 


Am. Soc. E.—When continually growing 
centers population reach point when their water supplies can 
longer obtained from springs wells, becomes necessary 
utilize larger sources, such rivers. Open streams, however, are 
often turbid and polluted, least the surface washing rain 
water, and becomes desirable purify such water before use. Thus 
originated the practice filtering public water supplies, and in- 
teresting many know that, within few miles where 
are now gathered, the first large filters for this purpose were constructed 
Mr. James Simpson, one the former presidents the Institu- 
tion, the year 1829, for the Chelsea Water Company. 


Thé discussion this subject, for which formal paper was presented, printed 
Proceedings order that the views expressed may brought before all members 
Society for further discussion. (See rules for publication, Proceedings, Vol. xxv, 


number discussions this subject, at_the Convention, were not 
received time permit preparing them for this number Proceedings. They 
will appear subsequent number. 
Communications this subject received prior September 22d, printed 
Proceedings, and subsequently the whole discussion will published 
Transactions. 
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Since the discovery the bacterial origin many diseases, and the 
further discovery that such pathogenic bacteria may introduced 
into our bodies through the use water, further and most important 
requisite the elimination disease germs also. 

Filtration has, therefore, triple duty perform: must render 
the water healthful, clear and pleasant taste. 

might expected, different lines practice have been followed 
different countries, and even the same country, the endeavor 
obtain the most effective and most economical means water puri- 
fication. The result has been the development several distinct 
processes. 

the last international gathering engineers interested this 
subject, during the World’s Fair Chicago, 1893, the results 
studies pursued the experiment station the Massachusetts State 
Board Health, were made known the world. These results con- 
tributed much the knowledge removing bacterial germs from 
water, and elevated the practice filtration from empirical 
scientific basis. 

Since then, further substantial progress has been made both 
sides the Atlantic, but particularly through the extensive experi- 
ments made large scale Louisville, Cincinnati and Pittsburg, 
which covered the conditions water highly charged with suspended 
matter well polluted sewage. These experiments included 
also test filters another order than those previously investigated 
Massachusetts. 

Experience has not yet brought general agreement regarding 
the relative merits these several filters and methods purification 
now use. was hoped, therefore, that discussion this second 
international gathering engineers might contribute greater clearness 
the controlling elements, and thus lead more rapid progress 
toward the desired end. 

may divide the methods water purification now practiced 
substantially into two classes: One requires large bed fine sand 
through which the water allowed percolate, the rate of, 
roughly, from cu. ft. per day, ft. filter surface, or, 
column ins. depth, per hour. The other, with much 
smaller bed sand similar material, requires from, say, 200 400 
cu. ft. per day pass through ft. filter surface, or, column 
water from ft. depth per hour, which is, the average, 


arate times faster than the first case. 


the chief difference this rate speed, the two systems have 
been called, respectively, slow and rapid filtration. The appliances 
have also been called and mechanical filters, because sand 
the chief element the first case, while mechanical contrivances 


the early days the aim was get clear and palatable water. Mr. Hering. 
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Mr. Hering. form the chief element the latter case. They have also been distin- 


guished, respectively, the English and American filters, from the 
countries where they were first developed. 

For filtering public water supplies, still other appliances, 
which the Fischer Worms system and the Maignen system have 
been most prominent. 

The Worms system requires the use artificial tiles, through 
which the water made percolate. Experience, however, has shown 
that with reasonably large yield water the purity may insuffi- 
cient, vice versa, the expense being rather great for any other than 
originally clear waters. 

The Maignen system requires the use asbestos pulp, which 
caused gradually form layer cover over the sand beds slow 
filters and collect the sediment and bacteria. claimed that 
greatly increases the safe rate filtration per square foot. The 
cleansing effected simply rolling this cover, which separates 
readily from the sand. With this contrivance experience large 
scale has yet been had. 

The slow sand filters have been used almost exclusively Europe. 
The principle upon whichthey act double one: First, there 
straining action, keeping out the passing water all coarse sus- 
pended matter and the bacteria, the slimy sediment layer 
which forms upon the surface the sand; and secondly, there 
further disappearance the bacteria caused organic process 
going while the water percolating through the sand. 

The efficiency such filter depends upon anumber conditions, 
the most important which are: 

The Size the Sand found that fine sand uni- 
form size, several feet depth, gives the best results. further 
found that the number bacteria the effluent water increases with 
decreasing thickness sand bed and with increasing size sand 
grains. 

depth per hour, found most satisfactory, The number 
bacteria passing through the filter increases rapidly with the 
rate, which should, any case, kept uniform get the best 
results, and accomplish which requires the use controlling 
devices. 

Drainage.—The free withdrawal the water from the under- 
drains, secure the same rate all parts the filter. 

Temperature.—The temperature the water should not vary 
greatly, because controls the pressure required effect given 
rate filtration, and because the bacterial efficiency decreases with 
the temperature. 


give higher numbers bacteria the effluent water than old and 
well-compacted sand layers. 

The slow system filtration has been practiced according two 
methods, the continuous and the intermittent. When the amount 
dissolved oxygen contained the water sufficient for the necessary 
bacterial action, the continuous method preferable, because 
simpler and cheaper. therefore, the more common one. When 
the water highly polluted, requiring large amount oxygen for 
the proper bacterial action, the intermittent system may preferable, 
Lawrence, Mass., where the sand beds must given frequent 
aeration, and thereby receive new supply oxygen; or, when the 
water highly polluted, double continuous filtration may prac 
ticed, several cities Holland. Still another variation 
practiced Altona, where the first filtrate coming from the filter just 
after has been cleaned, and therefore generally not sufficiently pure, 
passed through another filter, which has not been recently cleaned, 
before enters the city’s mains. 

climates where water freezes frequently during the winter, and 
depth least several inches, customary cover the 
filters order obtain the best results. Where impracticable 
so, was the case Hamburgh, special allowance must 
made for the decreased bacterial activity the colder water, and for 
the mechanical difticulties resulting from the ice. 

When the water filtered has high degree turbidity, 
economy demands that allowed deposit most its suspended 
matter before run upon the filters. Settling basins are therefore 
adjunct almost all filters for river water. When this 
contains finely divided clay, the particles which are smaller than 
bacteria, necessary add coagulant tothe water before enters 
the settling basins. Unless there prior removal this fine clay, 
the filter may allow the water pass through without giving 
thorough clarification. 

One day’s settling usually sufficient for the purpose, far 
the largest proportion suspended matter, and all the coarser matter 
removed within that period. While the custom provide for 
about one day’s settling prevails America and Germany, has been 
preferred England build storage reservoirs sufficient size 
hold water for much longer period. The idea being that, for 
economical reasons, enough water should stored for use during the 
time when storm makes the river water very turbid. 

slow filter cleaned removing thin layer sand, in. 
thickness. This upper layer contains not only the suspended 
matter deposited from the water, but also most the bacteria. 

The second class filters, the so-called rapid mechanical filters, 


The Age the Filter Bed.—New freshly scraped filter beds Mr. Hering. 
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Mr. Hering. were first introduced America, and are extensively used there. 


They act the principle straining, which the suspended matter 
and the bacteria are kept substantially the surface the filter 
material. The rapid rate the passing water does not allow much 
organic action below the surface, and requires also rather coarse 
filtering material. 

order hold back the fine matter held suspension, such 
clay particles and bacteria, coagulating substances are added the 
water definite quantities, depending chiefly upon the amount 
lime and organic matter contained the raw water. The 
resulting flocculent matter settles upon the surface filter 
bed, and then acts chiefly strainer, sufficiently fine hold 
back the minute particles, including percentage bacteria, which 
under favorable conditions, may large that removed the 
slow filters. 

Through the investigations chiefly George Fuller, Am. 
E., the conditions for the successful operation such filters 
are understood now much better than formerly. possible, now, 
arrange their operation, that, from water given quality, 
fairly definite results can obtained. Theefficiency depends mainly 
upon the size and character the grains, upon the rate filtration, 
the constancy this rate, the proper admixture the necessary 
coagulants varying with the quality the water, and upon the 
arrangements for properly withdrawing the filtered water. 

Two kinds rapid mechanical filters have been used, those 
acting under the slight pressure the water contained open 
filter, and those acting under high pressure closed filter. 
Although many cases convenient and economical, the high- 
pressure filter cannot give equally good bacterial results, because the 
delicate film coagulant may more readily 
pressure filters, therefore, should used only for waters which are 
not seriously polluted. 

rapid filter cleaned reversing the current and washing the 
entire mass sand thoroughly with filtered water, for which numerous 
and more less efficient mechanical devices have been used. This 
washing process requires from the filtered water, and 
opportunity disposing the waste water unobjectionable 
manner. 

case the water very turbid preliminary settling advan- 
tage also with this class filters. 

From the foregoing necessarily very brief review the chief 
characteristics the two principal methods filtration now use, 
will gathered that they may both satisfactorily purify water 
under many ordinary conditions. 

The criteria which should guide the selection one the 
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under expected conditions, the reliability their operation, and their 
cost. 

these introductory remarks not the purpose enter fully 
and detail into comparison the merits and demerits the 
several methods. hoped that those who join the discussion 
may The speaker will merely state his own conclusions 
derived from his practice. 

The sanitary effect filtered water will judged the pre- 
vailing death and sick rates. have abundant evidence that well 
constructed and faithfully operated filter the slow type can ma- 
terially reduce typhoid fever and diseases. There hardly 
question that will also remove the contagion cholera. 
similarly strong statement regarding the sanitary effect rapid 
filters can, from lack experience, hardly yet made, though 
know that the bacterial both classes filters can 
made almost equally high, the slow filters being probably slightly 
more efficient. 

the reliability operation, seems the speaker that the 
slow filters should given the preference. The great difference 
the rate filtration furnishes the reason for this conclusion. When 
there rupture the coagulated material covering the filter—and 
such rupture likely produced some irregularity—the 
amount unpurified water passing through the filter many times 
greater than the case slow filter, where such rupture, even 
when does occur, cannot produce harmful results. 

Regarding the other chances mishaps, they are less serious and 
may result equally both cases. The skill necessary operate the 
two kinds filters may also considered equal, the best results 
are reached. 

may conclude, therefore, that, regards efficiency and reli- 
ability, both methods can render satisfactory service, depending 
the special conditions the raw water, the degree purity 
obtained and the care exercised the operation. 

the raw water highly polluted, slow filtration, double 
filtration, preferred. other cases, the decision will generally 
depend upon the cost. 

Regarding the cost, has been found that often the two methods 
are about equally expensive. The required investment usually 
greater for slow filters, but the cost operation correspondingly 
less, and vice versa. 

may expect, therefore, that both the slow and rapid filters will 
used the future with good results their respective 
and that the peculiar conditions each locality will enable the 


engineer decide which will give the greater satisfaction the 
lower cost. 


other method for particular case are their relative sanitary effects Mr. Hering. 
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Inst. (by letter).—Ten years ago the 
writer was induced try Polarite for the filtration drinking water. 
that time had used the ordinary filter bed, made with 12-in. 
layer fine sand, 12-in. layer coarse sand, 9-in. layer fine 
shingle, and coarser material, making total thickness 4ft. The 
rate filtration varied, according the state the bed, from 
galls. per square yard per hours much 650 galls. 

The drinking water supplied Hastings derived from deep 
wells, and highly charged with oxide iron, both suspension 
and solution. This brought out, contact with the air, and forms 
fairly thick deposit oxide iron the surface the filter bed. 
The writer tried experiment with Polarite with very good results; 
small filter bed was made with ins. coarse-grained sand and 
ins. Polarite underneath it. The rate filtration was increased 
enormously, and the quality the water after filtration was good 
when filtered slower rate. then constructed some the 
filter beds large receiving chamber having screen between and 
the distributing channels the filter beds filled with Polarite. These 
screens were about ft. high, and the space between them was ft. 
wide. The water, after being discharged into the receiving basin, 
passed through the Polarite before being turned upon the ordinary 
filter bed. After passing through this material the water was freed 


very large part the iron suspension, and analyses showed 


that very great improvement had been made the quality the 
water. 


All the water supplied Hastings, amounting considerably over 
000 000 galls. day, now filtered through Polarite; and present 
the writer erecting battery six mechanical filters, each capable 
effectually filtering 000 galls. per hour. These filters are ft. 
height and ft. ins. diameter. They are made steel plates, prop- 
erly riveted and stayed, and can worked pressure from 
the results are far beyond any which have yet come the writer’s 
knowledge. recentanalysis water passed similar filter 
follows: 

Filters similar kind are work Southwold, Essex, and 
Leighton Buzzard. The results obtained the latter place are 
almost extraordinary. The water there charged with iron such 
extent very perceptibly inky taste, but after filtration 
through Polarite mechanical filter, the rate 000 galls. per 
hour, this taste entirely removed. The water, which very cloudy 


before filtration, rendered perfectly clear, and about 90% the iron 
removed. 


Water-works Engineer the Corporation Hastings. 
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Mr. Palmer. 
Unfiltered. 


Filtered. 


Hardness before boiling Clark. Clark. 

grains per gallon. 
Oxygen absorbed from permanganate 
Oxygen absorbed from permanganate 
Blackens markedly, 


After experience ten years the use this material, and 
having experimented and tried other methods filtration, the writer 
the opinion that forms one the best filtering mediums 
possible obtain. Water can filtered through perfectly, and 
rate which almost impossible with most materials. can easily 
cleaned, and does not appreciably lose its bulk through cleansing. 


The following are analyses water after having been filtered 
through Polarite: 


Hardness before 94° Clark. 10° Clark. Clark. 


Hardness after Clark. 


Oxygen absorbed from 


Ammonia 


Micro-organisms per cubic centimeter. 
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Assoc. Inst. (by letter).—The writer was in- 
terested, few years ago, the design some filtering apparatus for 
town 000 inhabitants. Six filters were first supplied, and 
shortly afterward tweive more similar kind were provided, that 
their satisfactory performance may assumed. 

The filters were tanks, ft. square, made cast-iron plates, 
and were sets three. few inches above the bottom was placed 
perforated false bottom, supporting wire-work frame which car- 
ried the filtering material, coarse-grained charcoal about ins. deep. 
Between the false bottom and the bottom plate the tank was placed 
branched perforated pipe. Above the filtering material was placed 
wire gauze drum provided with outlet pipe for the dirty water 
and refuse. 

When filtering, the water was brought above the material, and, 
passing down through it, was filtered and escaped through suitable 
outlet. 

When cleaning became necessary, rather, advisable, the outlet 
was shut off, the dirty-water outlet was opened, and compressed air 
pressure about lbs. was passed through the perforated pipes and 
through the dirty filtering material, thoroughly disturbing and 
washing away the dirt through the drum. The water was times 
very dirty, but was not impregnated with sewage. The rate filtra- 
tion was about 120 galls. per foot per hour. The time occupied 
cleaning was about minutes for each filter every hours. 

When filters capable dealing readily with muddy water are used, 
settling tanks can advantageously dispened with. 

The usual rate filtering through ordinary sand filters about 
galls. per foot per hour, the filters being cleaned every weeks. 
cleaning every hours very high rate filtration possible, the 
maximum being maintained. 
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REPORT FULL THE BUSINESS MEETING HELD DURING 
LONDON, ENGLAND, DURING THE FIRST 
WEEK JULY, 1900. 


Thursday, July 5th, 1900.—J. Wallace, President, the chair; Meeting 
Chas. Warren Hunt, Secretary. 
The this the regular Business Meeting 
the American Society Civil Engineers, provided for our 
Constitution. The first order business before the reading 
the minutes the Society June 6th, 1900, unless the members desire 
the minutes taken read. 
The minutes weré taken read and confirmed. 
The have some important business before us, which 
must transacted. Parliamentary rules, constitutions, by-laws, etc., 
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are devised for the expedition and the proper transaction the business 
associations, but sometimes necessary violate the rules and 
regulations, put constructions them which may not strictly 
technical, order prevent the very that you have 
adopted for carrying your business from interfering with the carry- 
ing out that business. Our Constitution provides that these 
business meetings thirty members shall constitute There 
are not thirty members actually this room, but there are great 
many more than thirty members present this Convention. There- 
fore, there objection, will count present this meeting 
the members who are registered this building being attend- 
ance. must transact the business before us, the machinery 
the Society will clogged for the next twelve months. 
The suspension the By-Laws was agreed to. 


The Secretary read his report the result the interrogatory 
circular, follows: 


NOMINATIONS RECEIVED FOR MEMBERSHIP THE 
NOMINATING COMMITTEE, 


have the honor report the result the interrogatory circular 
sent all members the Society order give opportunity for 
each express his preference for the representative his District 
the Nominating Committee elected this meeting. 

District No. 1.—Total number votes received, 72,.as follows: 


Edward North, New York City 
William Burr, New York City .... 
William Henry Baldwin, Yonkers, Y............. 
Theodore Cooper, New York 
John Thomson, New York 
William Wilgus, New York City 
Francis Fisher, Cornwall, Ont., Canada.......... 
Henry Goldmark, Detroit, Mich.................... 
Chas. Warren Hunt, New York 
Trotter, New York City.... 


The last four gentlemen are ineligible for election the Nomi- 
nating Committee, under the Constitution. 
District No. 2.—Total number votes received, 55, follows: 


Fayette Curtis, Boston, Mass. 
Dexter Brackett, Boston, Mass. 
Richard Hale, Lawrence, Mass................... 


William Moore, New Haven, Conn............... 


ni- 
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last two gentlemen are ineligible for election the Nom- 
inating Committee, under the Constitution. 
District No. number votes received, 16, follows: 


The last two gentlemen are ineligible for election the Nomi- 
nating Committee, under the Constitution. 


District No. 4.—Total number votes received, 17, follows: 


District No. 6.—Total number votes received, 33, follows: 


George Rice, Boston, Mass. 
Desmond FitzGerald, Boston, 


William Haven, Buffalo, .................. 
Shanly, Joliette, Quebec, Canada............. 


James Christie, Philadelphia, Pa. .................. 
Mendes Cohen, Baltimore, Md........... 
Bernard Green, Washington, C............... 
Henry Leonard, Philadelphia, Pa................ 
Edgar Marburg, Philadelphia, Pa. 
David McComb, Washington, C.............. 
Edwin Smith, Philadelphia, Pa.................. 
Emil Swensson, Pittsburg, 
William Webster, Philadelphia, Pa. ............. 
Joseph Wilson, Philadelphia, ............... 
District No. number votes received, 29, follows: 
Charles Strobel, Chicago, ................... 
George Benzenberg, Milwaukee, Wis. ........... 
William Searles, Cleveland, Ohio............... 
Charles Greene, Ann Arbor, Mich. .............. 
George Marr, Houghton, Mich. ................. 
McHenry, St. Paul, Minn.................... 


Wilson, Cincinnati, Ohio 


Sydney Lewis, New Orleans, La................. 
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William Starling, New Orleans, La. 
Channing Bolton, Charlottesville, Va............ 
Charles Churchill, Roanoke, 
Crosby, St. Joseph, Mo............. 
William Hardee, New Orleans, La............... 
Wynkoop Kiersted, Kansas City, 
Hunter McDonald, Nashville, Tenn............... 
Waddell, Kansas City, Mo................. 


last two gentlemen are ineligible for election the Nomi- 
nating Committee, under the Constitution. 
District No. 7.—Total number votes received, 22, follows: 


George Mendell, San Francisco, Cal............. 
Francis Blackford, Butte, Mont................. 
William Curtis, San Francisco, Cal.............. 
George Quinlan, Houston, 


Hiram Savage, National City, Cal................ 
The last two gentlemen are ineligible for election the Nomi- 
nating Committee, under the Constitution. 
submitted, 


WARREN 
New Secretary.” 
JUNE 1900. 


The first names the list for District No. are 
those Mr. Lewis and Mr. Buck, Mr. Lewis having 
votes and Mr. Buck 21. 

The Lewis and Mr. Buck have the two highest 
numbers votes, and should glad have motion the sub- 
ject. 

Am. Soc. E.—I move that Mr. Lewis 
elected for the First District. 


bw 
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The motion was seconded, which was agreed to, voting for and 
none against. 

The District No. Mr. Curtis, Boston, has 
votes, which the highest number. 

Henry Am. Soc. E.—Mr. Curtis representative 
the New York New Haven Railroad, and Mr. Francis, the present 
member the Nominating Committee, also employee, 
indirect way, that road. Boston had idea that that would 
bea little too much New York New Haven that committee, and 
have voted for Mr. Stearns. therefore, move that Mr. Frederic 
Stearns elected member the Committee from District No. 

The think that, owing the fact that Mr. Curtis 
received such large number votes, both these names ought 
come before the meeting, and, therefore, will put Mr. Curtis’ name 
first. 

Mr. Curtis’ name being put, voted for. 

Mr. Stearns’ name being put the meeting, voted for. 

The Stearns elected member the Nominat- 
ing Committee for District No. 

The District No. there are three names that have 
received the highest number the ballot, and think should con- 
fine the names one those three. 

pose Mr. Guthrie? 

The 

The motion for the election Mr. Guthrie was put, and 
carried unanimously. 

The District No. Mr. Schermerhorn, Philadel- 
phia, has the highest number informal votes. 

beg move the election Mr. Edgar Marburg 
member the Nominating Committee. 

The motion was seconded. 

The the ballot simply informal, seems 
that Mr. Marburg, who has attended our Convention, andtakes great 
interest the Society’s welfare, the proper man elected. 

Marburg was unanimously elected. 

The District No. the gentlemen receiving the 
highest number votes are Mr. Strobel and Mr. Bates, 
Chicago. 

move that the informal ballot for Mr. Strobel 
confirmed. 

The cannot that, but can entertain motion 
for his election. 


will nominate for election Mr. Charles 
Strobel. 
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Mr. Strobel was unanimously elected. 
nominate Mr. Edward Flad represent District No. 

The are votes favor Mr. Johnson. 
course, this entirely informal, but account the number 
votes favor Mr. Johnson feel duty put the names Mr. 
Johnson and Mr. Flad both before you. will, therefore, put the 
name Mr. Johnson first. 

There being votes favor Mr. Johnson, the President put 
the name Mr. Flad, and was unanimously elected. 

will move the nomination Mr. Tullock 
represent District No. 

The motion was seconded, and carried unanimously. 

The Presipent.—We would like know how many Corporate 
Members entitled vote there are this room, simply for the pur- 
pose our records. 

show hands was taken the Members and Associate Mem- 
bers, and was found there were just thirty present. 

The have the pleasure announce that will take 
back the remarks made the first part the meeting, there 
quorum now present. 

The Secretary read the following report the ballot for sugges- 
tions the Time and Place the Annual Convention 1901: 


VOTES RECEIVED REGARD TIME AND PLACE FOR 
HOLDING THE ANNUAL CONVENTION 


have the honor report the result the letter-ballot asking 
for suggestions the time and place for holding the Thirty-third 
Annual Convention the American Society Civil Engineers. 

The total number ballots received was 180, the result being 

ollows: 


For Place for holding Convention: 


New York City and vicinity.... Atlantic City, N.J............. 

Washington, D.C............. Steamer between Buffalo and 

places received two votes each, follows: 

Asheville, Philadelphia, Pa. 

Bar Harbor, Me. Richmond, Va. 

Detroit, Mich. St. Paul, Minn. 

Mexico. Salt Lake City, Utah. 

Old Point Comfort, Va. Saratoga, 


Sault Ste. Marie, Mich. 
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Twenty-eight places received one vote each, follows: 


Alexandria Bay, Maine Woods. 
Albany, Milwaukee, Wis. 
Baltimore, Md. Narragansett, 
Birmingham, Ala. Newport, 
Chautauqua, Omaha, Neb. 
Colorado Springs, Colo. Porto Rico. 
Gulf Mexico (some point on). Francisco, Cal. 
Halifax, Canada. Savannah, Ga. 
Hotel Wentworth, New Castle, Seattle, Wash. 

Tampa, Fla. 
Hot Springs, New Mexico. Thousand Islands, 
Jacksonville, Fla. Toronto, Canada. 
Long Branch, United States. 
Los Angeles, Cal. White Mountains, 


Yellowstone National Park, Wyo. 
The vote Time for holding the Convention, omitting sugges- 
tions particular parts months, resulted follows: 


4suggest the month February. 44suggest the month July. 


August. 


Respectfully submitted, 
WARREN 


Secretary.” 
New 


JUNE 1900. 


The report, gentlemen, for your information, 
but understand usually the province the Board Direction 
actually settle the place holding the Annual Convention, and the 
appropriate procedure is, move that this matter referred the 
Board Direction. 

Mr. Ockerson moved that the matter referred the Board 
Direction, with power act. (Carried.) 

Mr. that connection, have received this morning 
communication from St. Louis, which reads follows: 

Resolved, That the members St. Louis present the Annual 
Convention requested notify the Society that hope have 


World’s Fair St. Louis 1903, and desire, that case, have the 
American Society meet there that date.” 


move that the matter referred the Board Direction, 
(Carried.) 

The following proposed Amendments the Con- 
stitution, having been received the Secretary under the provisions 
Article the Constitution, were sent some time ago each member 
the Society. They come for discussion this meeting, and this 
meeting determines whether they shall voted upon the Society 
with without amendment. The amendment reads follows: 


Proposed 


Amendments 
the 
Constitution. 
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Art. VII, follows: 


Strike out this section and substitute the following: 

the Annual Meeting each year, seven Corporate Members, 
not officers the Society, one from each the geographical districts, 
shall appointed the meeting serve for two years; who, with 
the five living Past-Presidents the Society, shall committee 
nominate officers for the Society. 

Board Direction may prescribe the mode procedure for 
appointing this Committee. 

The Committee appointed shall meet the Annual Convention 
the Society, and nominate candidates fill the offices, named 
Article provide, with the officers holding over, Vice- 
President and six Directors residing District No. and twelve 
Directors divided equally, with regard number and residence, 
among the remaining districts, Nos: and 

list nominees for the offices filled the next Annual 


Election shall presented the Committee the Board Direc- 


tion within ten days after the nominees have been 

Mr. order bring that matter before the Society 
move that the amendment ordered considered the 
Society. The object the amendment wasto meet the objection that 
many members living some distance from New York, find that, under 
the present methods, they are obliged New York, con- 
siderable expense, spend fifteen twenty minutes selecting 
officers the Society. You will remember that our last Conven- 
tion someone proposed that the Society should pay the expenses 
these delegates. hardly think that many members would favor 
movement that kind, but seems altogether proper that they 
should favor some method that would relieve the members the extra 
expenses that many unnecessary. The St. 
Louis, for instance, would have expend least $100 money, and 
perhaps nearly week time, meet the members New York City, 
and about fifteen minutes’ time that devoted the duty, the 
officers would selected. seems that that could 
coupled with the Annual Convention, would relieve many the 
Western members that extra expense, and would ensure larger 
attendance the meetings the Nominating Committee. 

The the information the members present, 
will read part the third section Article reference the 
amendments. 


presented the Secretary not less than sixty days 
previous the date the Annual Convention shall sent letter 
the several Corporate Members the Society least twenty-five 
days previous the Annual Convention. Said amendments shall 
order for discussion the Business Meeting during such Annual 
Convention, and may amended any manner pertinent the 
original amendments majority vote the Business Meeting 
during the Annual Convention, and, amended, shall voted 
upon letter-ballot form amended said Business Meeting; 
not amended, they shall voted upon letter-ballot sub- 
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mitted. The vote counted the first regular meeting 
October.” 


understand that this section Article has been observed, 
far, relation this proposed amendment. Have you any further 
remarks upon it? You understand that the question simply the 
submission this amendment proposed the Corporate Members 
this Society letter-ballot. 

the motion being put, was carried; voting for. 

The unnecessary take negative vote there 
are only Corporate Members the room. 

Mr. beg move— 

the American Society Civil Engineers Convention 


assembled, sends greeting the Société des Ingenieurs Civil 


France, and expresses its hearty thanks for the warm reception accorded 


The resolution was carried unanimously. 

Vice-President, Am. Soc. E.—I beg move 
that the President appoint Committee draw appropriate 
resolution thanks the Institution Civil Engineers, and the 
various other corporations that have generously and liberally enter- 
tained this Convention. 

The motion was seconded and carried with acclamation. 

The proceeding with the discussion the 


subjects assigned for this morning the close the Business 


Meeting, desire make few remarks, particularly for the non- 
resident members, and not only for those who are actually present 
with us, but for those who will receive the proceedings this meeting. 
The headquarters our Society, you all know, New York City. 
The meetings are held twice each month, except during the vacation 
months the year, and the burden the business the Society 
naturally falls upon the resident members. Never before, during 
connection with the Society, have Iso thoroughly realized the im- 
portance the Society, and particularly the non-resident members, 
the fact that the members residing the City New York, and 
the immediate vicinity, give their time and their best thought the 
proper conduct our business. The non-resident members receive 
the publications, and they occasionally visit New York, and attend 
some the meetings; but the work the New York members, which 
gratuitous and generous work, something not think one non- 
resident member hundred thoroughly understands appreciates. 
would particularly call attention the burdensome duties that 
rest upon our Secretary, and the faithfulness, energy, tact and 
ability which devotes carrying that work. (Hear, hear.) 
Another matter would like speak you about connection 
with our publications. For two years, during period holding 
the office Vice-President, was member the Publication Com- 
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mittee, and was surprised the manner which some papers are 
presented. What saying now course not for general publi- 
cation, but simply for the members our Society, and not 
expect this get into the Press. talking his 
children. 

some the papers presented that Publication Committee 
men who stand high our profession had been presented pupils 
High School they would never have been permitted receive con- 
sideration. Papers written out long hand, both sides the 
paper, sheets different length, underlined, words erased, and matters 
that kind, and with footnote asking the Secretary please check 
the mathematical formulas, and, found they were not correct, 
notify the author, make them correct. 

The papers presented this Society should come written 
typewriter, and printed one side sheet, and they should come 
absolutely clean. other work should expected the Secretary 
and Publication Committee, than the work criticism the proper 
sense. The Publication Committee, Secretary, should not ex- 
pected furnish grammar, check mathematical formulas, any- 
thing that sort. They are, course, expected give the papers 
that character criticism which all papers need, and the editing 
which all papers need, even when written those who might 
most familiar with the subjects. But they are not expected into 
details and construct the papers themselves. hope you will pardon 
for having taken much your time this matter, but 
important one, and one that has been sadly neglected our 
members. That one reason why papers which come written 
members are frequently sent back them, and when they are sent 
back members take exception it, when they should thankful 
that they are treated courteously they are the Publication 
Committee. 

desire call attention the fact that one the thankless 
offices this Society that the Vice-President. There rule 
that when the President, who, coming from long distance, can rarely 
attend the meetings, absent, the chair taken the Vice- 


President. During the time have nominally occupied the chair 


has been actually occupied one our Vice-Presidents, who here, 
and who has made his conscientious duty always find out whether 
not the President would attendance, and inconvenience 
himself has attended and presided the meetings. refer Mr. 
Rudolph Hering, whom, declaring the Business Meeting adjourned, 
would like ask preside during the remainder the Con- 
vention. 


Adjourned. 
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RECEPTION AMERICAN ENGINEERS, 
THE 


LIBRARY THE INSTITUTION CIVIL ENGINEERS, 
MONDAY, JULY 2d, 1900. 


Fox, President, Inst. E.—Ladies and Gentlemen: 
high privilege President the Institution Civil Engi- 
neers bid you all this day most hearty welcome. were very 
glad when heard the spring that number our brethren from 
the other side the Atlantic—that little pond you look upon it, 
which often seems very long distance—were coming over here 
for the Paris Exhibition; and hoped they would kind enough 
call their way and see some the old folks the old country. 
The result that that have the pleasure this afternoon wel- 
coming you most heartily the Institution Civil Engineers, 
building which has many traditions, about which will say few 
words. Before doing so, should just explain you that this Insti- 
tution the home the Parent Society British Engineers. 
cosmopolitan this sense, that includes every class Civilian 
Engineer, and that the meaning from our point view the words 
Now, the great advantage that for you and for 
the Council this Institution is, that have this afternoon the 
honor being supported this platform representatives, not only 
own Council, but that the Mechanical Engineers who have 
been your kind hosts during the last week, the Electrical Engi- 
neers, the Naval Architects, and the Iron and Steel Institute. 
have only got mention those names you show you that 
this represent very great force, not only this country, 
but throughout the world. There are men here who have made their 
mark, there are men the other side, facing me, who have made 
very great mark upon the world; and good for come and 
see one another face face occasion like this. Then, the 
other hand, because are cosmopolitan, have been able extend 
our invitation, not merely the Society Civil Engineers Amer- 
ica, which some are very proud members, but also 
members the other engineering societies, the Mechanical Engi- 
neers, the Mining Engineers, the Electrical Engineers, and the Naval 
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Architects the United States, and hope that all those bodies are 
more less represented among this afternoon. There one face 
absent that should very much have liked have seen here, whose 
name must mention you, and that our old and honored Secre- 
tary for years, now our Honorary Secretary, James Forrest. has 
written expressing his great regret that his health does not permit him 
among us, but felt that any meeting the Institution Civil 
Engineers would not complete unless reference were made his 
honored name. you look about you will find evidence 
several ways, both this room and other parts the Institution. 

Now, may say you, friends, that meet this occasion with 

very deep sympathy account the news that has just 
come across the Atlantic, and could otherwise than 
express this you. feel deep sympathy with this sad event that 
has taken place New York. have all had good deal make 
serious during the last year two. You have had your share 
troubles; have had great many But there has been 
one bright rift the clouds, any rate the view this nation 
ours—a very bright rift through the dark clouds war—and that has 
been the sympathy and the hearty fellowship that has been shown 
the American nation. That ought be. English- 
speaking people the United States, and the great Empire 
Great Britain and our Colonies, only stand together for what right 
and true, the whole world cannot prevent the progress that you and 
would like see. 

one the advantages, think, that men science and 
men industry enjoy, that can sometimes approach the con- 
sideration these things with calmer mind, with more resolute 
determination pull together, than always possible the political 
world. have found this with our neighbors the Continent. 
All through the various events the last few years there has been 
most hearty and friendly feeling between the scientists and the engi- 
neers the Continent and those this country; but that only 
distant feeling compared with what entertain toward our brethren 
America. look upon you very strong competitors. Well, 
are quite ready for it, and only hope that shall able learn 
from you great deal teach how compete with you the way 
which have travel the future. one the most 
pleasant things connection with this Institution, and have 
doubt your own, that while this platform there hardly 
one who not strong competitor with others, are all the 
most intimate terms friendship with one another, and quite ready 
help one another any difficulty any doubt. And the 
same way good for us, strong must competing to- 
gether, meet here and exchange our friendly thoughts, and 
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cheer one another the great problems have attack. 
have plenty such deal with. Some will not live see all 
their fulfilment; but depend upon that the engineers the United 
States and Great Britain will have great deal with the future 
the world, and for try far can direct that 
future rightly the course true progress and upright feeling, and 
straightforward, honest work. 

want adda few words you about this Institution Civil 
Engineers. Iam afraid cannot say you what may able 
say Warwick Castle, where great many you will meet 
us, that old building. The room which are now some- 
what modern, although the lecture hall considerably older. There 
you will shortly amid old traditions, you can apply the word 
old one the youngest the professions. 1818 this Institution 
Civil Engineers was founded, and 1820 took more definite shape 
under the Presidency Thomas Telford. feel especially proud 
to-day for one among other reasons, which that when came into 
this room occupied the original chair which Thomas Telford used 
preside. Nothing could make engineer feel prouder than that. 
Founded 1818, this Institution has witnessed the birth and growth 
our profession. Before that time there were men mighty their 
isolated strength, but there was combined profession. From that 
day this there has been steady growth, until now this Institution 
represents body highly-trained engineers scattered all over the 
British Empire and over every part the world, numbering more 
than 000, and with our students making grand total over 000. 
And when know what the object all these men is, utilize the 
powers Nature for the benefit man, and when know also that 
they are doing their duty, have reason, think, thankful for 
the growth which has taken place this Institution. have had 
the great pleasure receiving you here years ago; have also 
the satisfaction numbering esteemed member your Society 
among our honorary members, which with position very 
great honor—we rejoice number among them Mr. Chanute. Every 
one this platform feels this afternoon welcoming you here, 
that endeavouring show you little hospitality are only 
returning small degree the wonderful kindness which all 
have received whenever have visited the United States. 
one the things which gives courage cross the Atlantic. 
think rather undertaking get across the Atlantic, but 
the anticipation our reception there that encourages go. 
began that experience long while ago. was the year 1857 that 
first went the United States, and spent nearly months there. 
was only young man that time, but was received the kindest 
way, and learned great deal that has been most useful ever 
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since. goes from this side the water without coming 
back, and pointing out that have great deal learn from you. 
One reason for that is, you are not much trammelled are with 
traditions. Traditions are very good things their right place, but 
sometimes they are very obstructive. You folks newer country 
are able very often push ahead manner which cannot do. 
does good able quote you and say, ‘‘See what our 
friends the other side the water are Very often are 
able that means introduce improvements way otherwise 
should not able do. 

Ladies and Gentlemen:—I have kept you quite long enough. 
object simply behalf this Institution bid you most hearty 
welcome. want you know that throughout this week all the 
facilities this building, and, the kindness the Council the 
Mechanical Engineers, the facilities their building also, are extended 
all American London. want invite you accom- 
pany the two visits that have been arranged for your enjoyment. 
When Her Majesty the Queen heard that our American friends were 
coming over, although she residence Windsor, and very 
unusual for large parties visit the Castle there when she 
residence, she said, all means let them There will 
special train for the purpose, and hope many you possible, 
especially the ladies, will join the expedition. Thursday 
evening hope see you the Guildhall. usually have our 
conversazione reception this building, but there were two reasons 
why altered the custom this year; one this, that want all our 
members have opportunity meeting you, and when have 
reception here have take two evenings for the purpose because 
these premises are not commodious enough. Therefore, are having 
the Guildhall, that can entertain nearly 000 people, and 
you will have good opportunity seeing what English engineers 
and their ladies are like. The other reason was this, that think 
there great deal historically connected with the Guildhall which 
will interesting you. There are those remarkable figures, Gog 
and Magog; there splendid exhibition pictures, and, with the 
addition some music, hope shall enable you pass very 
pleasant evening. 

Then comes Friday. The Countess Warwick, when she heard 
were thinking taking you that historic place, which all 
like visit, and Iam sure you specially like visit, the County 
Shakespeare, said: all means; will receive them Warwick 
Castle The Earl and Countess are kind enough have ac- 
cepted our invitation meet you luncheon Warwick Park. 

Before concluding, may say that have looked upon this week 
week pleasure and not business, and therefore have not 
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arranged visits engineering works. behalf professional 
brethren, well own behalf, let say any you gentle- 
men see works the neighborhood London, will afford 
you every facility for the purpose. 

trust that our gathering here may only one more means 
binding all closely together the work that have both 
sides the Atlantic, and hope that some day, not very far 
distant, may have the pleasure seeing you here again. rather 
doubtful whether will this building, but may another 
one, and you will then receive just hearty welcome from our suc- 
cessors are glad offer you this afternoon. 

President, Am. Soc. E.—Sir Douglas Fox, 
behalf the members the American Society Civil Engineers, 
would like express our feelings the kind words have received 
from the President this Institution. The American Society Civil 
Engineers occupies America the same position that the Institution 
Civil Engineers does Great Britain, and consider our principles 
broad enough cover engineers all specialties and all classes. There 
saying America that engineers are not speakers, and later 
the day have matter upon conscience which has troubled 
very much, and America always help each other when are 
difficulty, will call upon Colonel Haines, one our most promi- 
nent engineers, answer the words welcome have heard. 

Gentlemen am, repeat trite expression, called rather unex- 
pectedly support our honored President, but know very well what 
task has before him. listening, have and you have, 
the very cordial welcome just extended us, feel somewhat the 
position one prologue the first performance new 
drama. And asI stand before the curtain that has not yet risen, 
sympathize with those who are take part the performance, and 
upon whom rests the burden its success failure. Sir, the 
American Society Civil Engineers has crossed the broad ocean 
hold its meeting this land before audience thoroughly conversant 
with the subjects that proposes discuss; and heard your 
remarks the subject felt that its proceedings were about 
conducted under the roof Institution its senior two genera- 
tions, Institution whose roll honor are inscribed names 
familiar household words, beginning, you observed, with 
that Thomas Telford, the Colossus highway roads, and broaden- 
ing descends, including the names acknowledged leaders 
every path modern engineering. Under such conditions those 
our members who are take part this meeting may well feel 
some trepidation making their your midst, and think 
that they will feel obliged state their position such way 
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secure for them your favorable consideration advance the 
meeting. The topics which proposed discuss are principally 
those which your members have already acquired large experience, 
and may hope derive very great profit can have the benefit 
that experience. One those topics, however, such recent 
development that may sufficiently novel you some 
interest tnat account least. that may, one thing 
most confidently rely, that although are which many 
our members hitherto have been strangers, feel sure that they will 
soon find that they are among friends, among those allied them 
all the ties which bound your forefathers theirs until the time came 
that they crossed the Atlantic and planted the seeds far distant 
shore that tree liberty which now shelters continent. those 
ties, historical and political their origin, now hope that may 
add others social well personal character, and that our 
sister societies may bound together, you very justly observed, 
Sir, the bonds friendship and mutual help, that common 
cause which both undertake promote, the utilization the 
resources, the materials, and the forces Nature, for the welfare 
mankind. And that spirit, Sir, that behalf the American 
Society Civil Engineers, and its President, respond the cordial 
welcome you have graciously extended behalf the Institution 
Civil Engineers. 

Vice-President, Am. Soc. Mech. 
Douglas Fox, Members the Council, and members the Institution 
Civil Engineers Great Britain:—We regret exceedingly that our 
President, Mr. Morgan, cannot present express you the senti- 
ments which every member the Society Mechanical Engineers pro- 
fesses toward this revered Society Civil Engineers Great Britain. 
Those who accepted your very liberal hospitality 1889 cannot 
but feel the great honor which you have conferred upon again 
inviting here during this week. Those who were here 1889, and 
speaking also for the Mechanical Engineers who were not here 
1889, miss the genial face and the cordial hand him who was 
then your Secretary, Mr. Forrest. His mantle has fallen Dr. Tuds- 
bery, who has done everything possible for the comfort and entertain- 
ment the American Engineers who are visiting your Institution, and 
feel that the most royal reception which received 1889 
earnest what are about receive during the present week. 
express you, Sir, the Council, and the members the Insti- 
tution, our most hearty appreciation your great kindness invit- 
ing here. 
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MINUTES MEETINGS. 


THE SOCIETY. 


September 5th, 1900.—The meeting was called order 8.35 
M., Vice-President Rudolph Hering the chair; Assistant Secre- 
tary McMinn acting Secretary; and present, also, members and 
visitors. 

The minutes the meeting the Annual Convention were approved 
printed Proceedings for August, 1900. 

paper Elwood Mead, Am. E., entitled Irrigation 
Studies,” was presented the Acting Secretary. The subject was 
discussed Messrs. Mansfield Merriman and Rudolph Hering. 


Ballots were canvassed and the following candidates declared 
elected: 


MEMBERS. 


Frank ALEXANDER Boston, Mass. 

Bruce Burns, Los Angeles, Cal. 

Perth, Western Australia. 

CHARLES VALENTINE Chicago, 


MEMBERS. 


St. Louis, Mo. 

Francis Haas, San Francisco, Cal. 
ALEXANDER New York City. 
Harrison Philadelphia, Pa. 
New York City. 
THEODORE NELSON Philadelphia, Pa. 


Announcement was made the death the following members: 
LINDENTHAL, elected Associate Member March 4th, 1896; 
died June 8th, 1900. Curtis, elected Member May 
3d, 1882; died June 15th, 1900. Epwarp elected 
Member March 7th, 1900; died June 24th, 1900. 
elected Member February 5th, 1879; died July 4th, 1900. 
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elected Fellow March 10th, 1877; died August 13, 1900. 
elected Member May 7th, 1873; died August 22d, 
1900. 


Adjourned. 


September 1900.—The meeting was called order 8.35 
Lewis, Am. Soc. E., the chair; Charles Warren 
Hunt, Secretary, and present, also, members and guests. 

Ninety-sixth Street Power Station the Metropolitan Street 
Railway Company New York was presented Mr. 
Low, and discussed Messrs. Carr, Boecklin, Jr., Kent 
and Low. 

was presented the Secretary. 

The Secretary announced the election the following candidates 
the Board Direction, September 11th, 1900 


JUNIORS. 
Baker, Sacramento, Cal. 


Adjourned. 


THE BOARD DIRECTION. 
(Abstract. 


September 11th, 1900.—The Board met 8.17 m., Vice-Presi- 
dent Noble the chair; Charles Warren Hunt, Secretary; and present, 
also, Messrs. Hering, Knap, Manley, Ricketts, Schneider, Seaman and 
Whinery. 

The subject proposed engineering exhibit and Society Con- 
vention connection with the Pan-American Exposition, Buffalo, 
1901, was considered. 

Applications were considered and other routine business trans- 
acted. 

Four candidates for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


House the Society day, except Sunday, from 


MEETINGS. 


Wednesday, October 3d, regular business meeting will 
held. Ballots and ballots proposed amend- 
ments the Constitution will canvassed, and paper entitled 
Theory and Practice Precise Spirit Leveling,” David 
Molitor, Am. Soc. E., will presented for discussion. This 
paper printed the current number Proceedings. 


Wednesday, October 17th, 1900.—A regular meeting will held, 
which paper entitled ‘‘The Preservation Railway Ties 
Europe,” Octave Chanute, Past-President, Am. Soc. E., will 
presented for discussion. This paper printed the current number 


Proceedings. 
LIBRARY. 


December, 1898, there was published Proceedings 
monthly list Additions the Library and This list 
was unclassified, and, while giving the titles books pamphlets 
received, could only considered printed acknowledgment 
donations. When the Publication Committee decided undertake 
the Current Engineering Literature,” the publication the 
former list was discontinued. The Publication Committee has now 
decided publish monthly list acknowledgment contributions, 
and the first installment, covering the Library from 
January 1899, September 1900,” will found page 207. 

The importance the Society the interest taken members 
its Library need not dwelt upon, the fact that this list represents 
about 428 donors and 650 (gifts average about 137 per month) 
shows clearly that these accessions could not have been acquired 
purchase; and there are doubtless many books, well official and 
private reports our members which should file, but which 
have not been received. 

Members are therefore urged, not only forward such books and 
reports, but call the attention the Secretary publications which, 
their opinion, would valuable, whether such publications may 
secured for the asking, whether they must purchased. 

classified Catalogue the Library will soon ready for issue 
members, and hoped that its publication will serve awaken 
interest this branch the Society’s work which will result the 
maintenance thoroughly up-to-date profes- 
sional reference library. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(August 8th September 12th, 1900.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 


the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Journal, Franklin Inst., Philadel- 
phia, Pa.. 50c. 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. E., 
treal, Que., Can. 

Univ., New York City, 

(7) Technology Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, Stevens 
Institute, Hoboken, J., 

(9) Magazine, New York 


Mon- 


(10) Magazine, New York City, 


New York 
(12) The Engineer International 
News Co., New York City, 35c. 


(13) Engineering News, New ork City, 
(14) The Engineering Record, New York 
City, 


(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 
(17) Street Railway Journal, New York 
City, 35c. 
(18) Railway and Engineering Review, 
hicago, 
(19) Scientific Supplement, New 
York Cit 
(20) Iron Age, New York City, 
(21) Railway Engineer, London, Eng- 
and. 
(22) Iron and Coal Trades Review, Lon- 
don, England. 
Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 
(24) American Gaslight Journal, 
York City, 
(25) New York City, 


New 


(26) Electrical Review, London, England. 
(27) Electrical World and Electrical En- 
gineer, New York City, 10c. 


ngland. 
(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 
(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Ing. Civ. France, 
Paris, France. 
(33) Génie Civil, Paris, France. 
(34) Portefeuille Economique des Ma- 
chines, Paris, France. 
Nouvelles Annales Construc- 
tion, Paris, France. 
(36) Revue Technique, Paris, France. 
(37) Revue Mecanique, Paris, France. 
(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 
(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 10c. 

Modern Machinery ,Chica 

(42) Transactions, Am. Inst. Elec. Eng., 
New York 

(43) Annales des Ponts Chaussées, 
Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) Minerals, Scranton, Pa. 


(46) Scientific American, New York City, 
Manchester, 
(48) Zeitschrift ‘des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) Berlin, Ger- 
any. 
(50) und Eisen, Duesseldorf, Ger- 


man 
(51) Bauzeitung, Ger- 


(47) Mechanical Engineer, 
Englan 


Berlin, 


any. 

(52) Rigasche Industrie-Zeitung, Riga, 
uss 

(53) Zeitschrift des oesterreichischen In- 
enieur und Architekten Vereines, 
ienna, Austria. 

(54) Den Tekniske Forenings Tidsskrift, 

Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Tidskrift. Stockholm, Swe- 


Teknisk Christiania,Norway. 
58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, 
(59) Transactions, Mining Institute 

Scotland, London and Newcastle- 
upo 
(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 25c. 
(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, 
(63) Minutes Proceedings, Inst. 
London, England. 
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LIST ARTICLES. 


Bridge. 
Hydraulic Method Sinking Cast-Iron Piles, Moruya Bridge, New South Wales.* (21) 


August. 
Simple Method Calculating the Curve Equilibrium Line Thrust, Arched 
Ribs. Charles Lean, (12) August 


The Bridge Work the Pittsburg, Bessemer Lake Erie and Union Railways.* (13) 
August 16. 


The Franzens Bridge Vienna.* (14) August 18. 

The Riverside Drive Viaduct, New York.* (14) August 25. 

Diagonal Bracing over the Turntable Swing Bridges. Malverd Howe. (15) August 


The Three-Hinged Steel Arch Railway Bridge across the River Viaur, France.* 
(13) Sept. 

The Maumee River Draw-Bridge.* (14) Sept. 

Pont Arcades, Systéme Morizot. (36) Serial beginning March 10, 
ending August 10. 


Electrical. 


The Use Aluminium Line Wire and Some Constants for Transmission Lines. 
Perrine and F.G. Baum. (42) June and July. 

the Photometry Arc Lamps.* Carter. (26) Serial beginning July 13, 
ending August 

Gloucester Electricity Works.* (26) August 

Alternating Current Induction Motors.* A.C. Eborall. (47) Serial beginning August 
ending August 25. 

Electrolytic Interrupters.* Benj. Bailey. (27) August 11. 

The Electric Generating System Prague.* Fred. Bathurst. (26) August 17. 

Proposed System for Long-Distance Telephoning. Wade. (13) 

ugust 23. 

Electricity—A Few Examples Its Application Mining.* (22) August 24. 

Operating Economies Central Station Practice. W.L. Abbott. (26) August 24. 

Some Methods Determining Experimentally the Moments Inertia the Rotors 
Dynamos and Alternators. Alfred Hay, (26) Serial beginning August 
24, ending August 31. 

Dielectric Strength. James Rowland Bibbons. (27) August 25. 

Equipment the Indian Head Naval Proving Grounds.* (27) August 


The British Insulated Wire Company’s Works Prescot.* (26) August 31. 
The Slaby-Arco System Wireless Telegraphy.* (26) August 31. 
Electricity the Collieries Great Britain.* Sidney Walter. (9) 


ept. 

Electrical Ignition Gas Engines. Poddlesak. (41) Sept. 

Large Cities; Transmission and Distribution. W.S. Barstow. (10) 
Sept. 

High Voltage Incandescent Lamps. Prof. Geo. Shepardson. (27) Sept. 

Nernst Lamp the Exposition.* (46) Sept. 

Some Features Electric Lighting and Tramway Practice.* (47) Sept. 

Dynamotors versus Motor Generators. Adams. (27) Sept. 

Grue Electrique Charpente Mobile; Construite par MM. Mohr Federhaff, Mann- 
heim.* (36) August 25. 


Marine. 


Machinery for the United States Navy Armored Cruisers. Rear-Admiral Mel- 
ville. August 

Notes Wreck Raising. David Noakes. (11) 17. 

the Mechanical Theory Steamship Propulsion. obert Mansel. (12) August 24. 

First-Class Battleship Kentucky.* (46) Sept. 

The First-Class Battleship Alabama.* (46) Sept. 


Mechanical. 


Automobile Vehicles.* Prof. Louis Derr. (1) July. 

Automobiles. Dr. Martin. (1) July. 

The Engines. MacFarlane Gray. (47) Serial beginning August ending 
ugust 11. 

Gas Connection with Electric Power Plants. Philip Dawson. 
I ugust 10. 

Recent Mechanical Flight. Hiram Maxim. (29) August 17. 

The Campbell Oil Engine.* (47) August 18. 

Improved Slide Valve for Steam Pumps.* (47) August 18. 

Reheaters Multiple-Cylinder Engines. Prof. Thurston. (47) August 18. 

Boiler-Explosions Discussed. Parker. (62) August 23. 

The Nordberg Pumping Engine Wildwood, Pa.* (13) August 23. 

Some Designs Metallic Packing.* August 25. 

Compressed Air Motors Chicago. (40) August 31. 

Controlling Speed Gas Engines.* Sept. 

Gas Engine Fuels, Types, and Uses.* Professor Kerr. (10) Sept. 
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Mechanical—(Continued). 


Heavy Motor Vehicles for Road Service.* Fred. Maynard. (9) Sept. 

Sim and Practical Means Recording Steam-Engine Performance.* Ripper. 
(9) Sept. 

Retorting and Condensing Temperatures. Forbes Waddell. (24) 

ept. 10. 

Distribution Cylindriques Echappement Independant.* Tedesco. 
August 10. 

Evaluation Force Transmise par Courroie sur les Poulies Grand Diamétre 
Grande Vitesse. (33) August 25. 


Military. 


The and Throw” Projectile. Bridges-Lee. (11) Serial beginning July 
13, ending August 

The Gruson Rotating Turret: Features Advantage Effective Coast Defense 
Arrangement.* Guilford Smith. (62) August 

Creusot Guns Disappearing Carriages.* (19) August 25. 

Ranging with Field Guns. Major Stanford. (44) Sept. 

Nouvel Appareil Directeur pour Torpilles Automobiles.* (36) August 


Mining. 


Gold New Zealand.* (16) Serial beginning August ending 
August 18. 

Mining Operations near Halifax, (16) 

Successful Method Mining Iron Ore Used the Pewabic Mine, Michigan. 
Hulst. (22) August 31. 

Accidents Coal Mines. Thomas Adams. (45) Sept. 

Rib Drawing with Machines: Proposed New Method Mining Coal the Use 
Longwall Undercutting Machines for Taking out the Rib.* Gresley. (45) 


Sept. 
Rope Mine Haulage.* (45) Sept. 
Signal Device for Mines.* Herzig. (45) 
The Compressed-Air Haulage-Plant No. Colliery, Glen Lyon, Pennsylvania. 
Bowden. (16) Sept. 


Municipal. 


The Action Water Asphalt Pavements.* Daniel Luten. (13) August 16. 
Asphalt Pavements. Geo. Tillson, Am. Soc. (14) 
ept. 
Notes Landscape Architecture. (14) Sept. 
Les Pavés Artificiels Fabrication des Briques Moyen Schiste Houiller.* Cyrille 
Jansens. (30) August. 


Railroad. 


Some Peculiarities Steel Rails.* (22) August 

Railway Blacksmithing. (47) August 

Can Small Electric Railways Operated James Blake Cahoon. (17) Serial 
beginning August ending Sept. 

New Type Piston Valve.* (18) August 11. 

The Paris Metropolitan Underground.* (27) August 11. 

The Utilization Water Power for the Electric Railway System Minneapolis and St. 
Paul.* Edward Burch. (17) August 11. 

Boulogne Combined and Surface Contact Tramway.* (26) August 


Notes Electric Traction. 47) August 18. 

Machine Snow Plows the Colorado Midland Ry. (13) August 23. 

New York Track Improvement.* (40) August 24. 

Rail Making Problems. (22) August 24. 

Hydraulic Embankment Filling, Canadian Pacific Railway.* (18) August 25. 

Interlocking System, New South Station Boston.* (18) August 25. 

The Paris Metropolitan Underground Railroad.* (46) August 25. 

Standards Track Construction American Railways. (13) August 30. 

Load Factors Traction Stations. William Booth. (26) August 31. 

Oak Point Yard—New York, New Haven and Hartford.* (15) August 31. 

The Proposed Journal Box.* F.M. Whyte. (25) Sept. 

Wide Firebox 10-Wheel Passenger Locomotives.* 

Cylinder and Frame Fastening, used Pittsburgh Locomotive Works 
Large Pittsburgh, Bessemer Lake Erie Locomotives.* (25) Sept. 

The Metropolitan Railway Paris.* (17) Sept. 

Operating Methods the Columbus Railway Company.* (17) Sept. 

Creeping the St. Louis Bridge. (13) Sept. 

Back Lights. (15) Sept. 

Revision the Weehawken Yards, New York Central.* (15) Sept. 

Nouveau Matérial Bogies pour Trains Rapides Compagnie Chemin 
Fer Nord.* (38) July. 

Traction Air Comprimé: Nouvelles Installations Cours d’Exécution Paris. 
Monmerqué. (38) July. 

Funiculaire Montmartre, Paris.* Laverchére. (33) August 11. 
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Sanitary. 


Septic Sewage Disposal Liberty, Y.* (14) August 18. 
Deep Sewer Trenching.* (14) Sept. 


Structural. 


International Specifications and Methods Testing Iron and Steel from American 
Engineer’s Standpoint. William Serial beginning 
August ending August 10. 

Testing Cement the Modulus Rupture for Transverse Strain. John Paterson, 

Multiple Hot (14) August 11. 

Equipment and Power Plant Modern Lodging House.* (19) August 


Evolution Steel Casting. (62) August 16. 


Blast Furnace Smelting Water Gas. Longridge, Inst. (12) 
August 17. 


Foundry Flasks. Pierce. (22) August 17. 
The Atlantic Mutual Insurance Company’s Building.* (14) August 18. 
New Method Blast Furnace Construction.* Burgers. August 18. 
The Wrought Iron, Soft Steel and Nickel Steel. Henry Howe. 
ugust 18. 
and Heating the Metropolitan Museum Art, New York. (14) August 18. 
Hydraulic Engineering the Metropolitan Power House.* (20) August 
the Relation Stress and Strain, and Repeated Stresses. (47) 
ugust 25. 
The Generation Intense Heat through the Combustion Aluminum.* Arch- 
deacon. (16) August 25. 
The Manufacture and Care Chilled Rolls. (22) August 31. 
New Steel and Iron Foundry the Sargent Company.* (15) August 31. 
Wohler’s Laws. (12) August 31. 
Cast Iron. (11) August 31. 
Fire Hazards. Parsons. (3) Sept. 
the Annealing White Cast Iron. Charles James. (3) Sept. 
Moisture-Proof Underground Chambers. Grabill. (13) 
ept. 
Building for Ice-Making Plant.* (14) Sept. 
The Hans Frasch Electrolytic Process for Extracting Metals Applied Copper- 
Nickel Matte. (16) Sept. 
Malleable Cast Iron. (16) Sept. 
Les Palais des Invalides.* Louis David. (33) August 
kine. (33) August 25. 
Water Supply. 


New Rack and Other Improvements the Feeder for the Middlesex Company, 
Lowell, Mass.* Arthur Safford. (1) July. 

Official Duty Tests Engines and 10, High-Service Station No. St. 
Louis Water-Works, February 15-16 and 26-27, 1900. Nils Johnson. (1) July. 

Godalming Water-Works.* (11) Serial beginning August ending August 17. 

Operation the Water Settling and Filtration Plant Albany, (13) August 

Tests Centrifugal Pumps under High Heads. Lewis Hicks. (13) August 

Water Measurement and Manipulation Colorado.* Crafts. (46) August 11. 

New Water-Works Extension Glasgow.* (19) August 18. 

Merchants’ Association the Water Supply Greater New York. (13) 

ugust 

The White Plains Water-Works.* (14) August 

English Practice Cleaning Water Mains with Scrapers and Brushes.* (13) August 30. 

Experimental Test Concrete and Expanded Metal Conduit for the Jersey City Water 
Supply.* Godfrey. 13) August 30. 

Filter Beds; Metropolitan Water Supply for Boston and Vicin- 
ity. ugust 30. 

Niagara Works. Orrin Dunlap. (26) August 31. 

Commercial Requirements Water-Power Governing. Elmer Cassel. (9) Sept. 

Irrigation Idaho. Waldon Fawcett. (46) Sept. 


Waterways. 


the Control the Lower Mississippi.* James Seddon, W.S. 

August. 

The Improvement the South Pass the Mississippi River.* William Starling, Am. 
Soc. (13) August 23. 

American Ore Dock Machinery.* Arthur Johnston. (10) Sept. 

The Improvement Non-Tidal Rivers Regulation. (14) Sept. 

Travaux Port Extérieur Bilbao.* Coiseau. (32) July. 

Notice Relative aux Travaux Exécutés, Cloche-Plongeur Sas d’Air, aux 


Pivots des Portes d’Ebbe Maritime Kattendijk, Anvers.* Pierrot. 
(31) Pt. 1900. 
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Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


MUNICIPAL IMPROVEMENTS. 


Manual the Methods, Utility and Cost Public Improve- 
ments, for the Municipal Officer. Goodhue. Third Edi- 
tion, revised and enlarged. Cloth, 207 New 
York, John Wiley Sons, 


this work the author has aimed aid those city officials who, while familiar with 
the general plan and scope public improvements, are uninformed the details. 
The contents are: Sewerage System; Street Car Lines; Street Sprinkling; The 
Surface—Pavements and Implements; Gas Consumption; Street Lighting; Street Grades; 
Water-Works System; Municipal Franchise; Bridges; Methods Assessment 
Against Real Estate; Building Laws and Ordinances; Cleanliness and Public Health; 
Public Cemeteries; Public Parks; Public Library; Elevated Traffic vs. Subways; Civil 
Service Appointments; Municipal Ownership. 


THE WATER SUPPLY THE CITY NEW YORK. 


Inquiry into the Conditions Relating the Water Supply 
the City New York. The Merchants’ Association, New York. 


Cloth, 627 pp., maps. New York, 1900. $3.00. (Donated 
the Merchants’ Association. 


NEW YORK’S WATER SUPPLY. 


Report upon New York’s Water Supply; with Particular Refer- 
ence the Need Procuring Additional Sources, and their Probable 
Cost, with Works Constructed under Municipal Ownership, Made 
Bird Coler, Comptroller, John Freeman, E., March 
1900 (with notes added while revising proof-sheets). Cloth, 


ins., 587 pp., pl., maps. New York, Martin Brown Co., 1900. 
(Donated the 


DAS EISBRECHWESEN DEUTSCHEN REICH. 


Auf Veranlassung des Preussischen Herrn Ministers der 
Offentlichen Arbeiten, dargestellt von und Buchheister. 
Cloth, ins., 243 pp., pl., illus. Asher Co., 
1900. (Donated Paul 


SCHIFFSWIDERSTAND UND SCHIFFSBETRIEB. 


Nach Versuchen auf dem Auftrage des 
Herrn Ministers der Offentlichen Arbeiten, bearbeitet von Haack, 
Ingenieur und Baurath. mor., text 14x ins., atlases 


ins., illus. Berlin, Asher Co., 1900. (Donated Paul 
Glasenapp. 
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DONATIONS THE LIBRARY. 
From Jan. 1899, 1900. 


656.) 


Aachen Technische 
schule. pam. 

Ala. Industrial and Sci. Soc. 

Alaska Mexican Gold Mining Co. pam. 

Alaska Treadwell Gold Mining Co. pam. 

Alaska United Gold Mining Co. pam. 

Albany Board Water Commrs. vol. 

Allen, Kenneth. 

Allen, Miss bound vol. 

Allison Mfg. Co. 

Am. Assoc. Inventors and Man. pam. 

Carbonated Cement Co. pam. 

Am. Inst. Arch. 

Am. Inst. Elec. Engrs. bound vol. 

Am. Inst. Min. Engrs. bound vol., 134 


pam. 

Am. Phil. 1pam. 

Am. Ry. bound vol. 

Am. Ry. Eng. and Maintenance-of-Way 

Am. Soc. for Prevention Cruelty Ani- 
mals. 

Am. Soc. Mech. Engrs. bound vol., 


pam. 

Am. Water-Works Assoc. pam. 

Amsterdamsche Fabriek van Cement 
Werker. phot. 

Andrews, Horace. 

Argollo, Miguel Teivee. vol., 


pam. 

Ashbridge, Samuel. bound vol., pam. 

dos Engenheiros Civis Portu- 
guezes. 

Assoc. Amicale des Anciens 
Centrale. vol. 

Astronomical Soc. the Pacific. 

Atchison, Topeka Santa Ry. Co. 
pam. 

Australasian Inst. Min. Engrs. vol., 


am. 

Baillairgé, Charles. bound vol., pam. 

Baird, bound vol. 

Baker, bound vol. 

Baker, Ira bound vol., vol., pam. 

1pam. 

Barschall Impregnating Co. pam. 

Belgium-Officiers Genie l’Armée 
Belge. 

Berg, Louis Coppet. bound vol., 


am. 

Berlin Technische Hochschule. 
pam. 

Bernard Cie, vol. 

Bissel, pam. 

Boston Board Commrs. the Dept. 
Parks. 

Boston Pub. Lib. 

Boston Soc. Civ. Engrs. pam. 

Boston Transit Comm. bound vol. 

Bowers, George. 

Bowles, Francis bound vol. 

Boyveau Chevillet. bound pam. 

Brit. Assoc. for the Advancement Sci. 
bound vol. 


Brown Hoisting Conveying Machine Co. 
bound vol., 

Buck, Leffert vol. 

Cal. Acad. Sci. pam. 

Cal. State Min. Bureau. pam., map, 
sheet statistics. 

Camera Club, City. bound vol. 

Canadian vol. 

Canadian Min. Inst. vol. 

Carnegie Steel Co. bound vol. 

Chicago Comm. Pub. pam. 

Cincinnati Comm. Water-Works. 
bound vol. 

Cincinnati Corrugating Co. 

Cincinnati Pub. Lib. pam. 

Cisneros, bound vol., vol. 

Clark, Forde Taylor. vol. 

Clarke, Son. bound vol. 

Clay, A.S. 

Cohen, Mendes. bound vol. 

Coleman, Clarence. copy plans and 


specif. 

Collegio degli Architetti Ingegneri 
Firenze. vol. 

Colo. Agricultural Exper. Station. pam. 

Compagnie Nouvelle Canal Panama. 


4 pam. 

Vile International Navigation, 
1898. bound vol. 

Conn. Commrs. bound vol. 

Conn. State Board Health. bound vol. 

Cooper Union. 


Croes, James pam. 

Currier, Gilman. vol. 

Delmas, Marcel. pam. 

Detroit Board Water Commrs. pam. 

Detroit Eng. Soc. bound vol. 

Deutsch-Amerikanischer Techniker-Ver- 
band. pam. 

Dunham, pam. 

Dyckerhoff und vol. 

Engr. Pub. Co., bound 
vol. 

Endicott, Mordecai pam. 

Eng. Assoc. New South Wales. bound 


vol. 

Eng. Mag. Pub. Co. pam. 

Eng. News Pub. Co. bound vol., vol., 
pam. 

Eng. Record. bound vol. 

Eng. the School Practical Science, 
Toronto. 


q 
4 
{ 
q 
: 
phot. 
Corti, José pam. 
5 


208 


Engrs. Club Cincinnati. 
Engrs. Club New York. 
Engrs. Club Philadelphia. bound vol. 
Fanning, J.T. vol. 


am. 
ound vol. 


Ferree, Barr. bound vol. 

Field, John pam. 

Fisher, Janon. bound vol., vol. 

FitzGerald, Desmond. bound vol, pam. 

Fletcher, Robert. 

Force, 

France—Commission des Annales des 
Ponts Chaussées. vol. 

France—Ministére des Travaux Publics. 
bound vol., vol. 

Fuller, George bound vol. 

Paul. bound vol. 

Goad, Charles bound vol. 

Goldmark, Henry. 

Goodyear, 

Graves, Edwin vol. 

Great Britain—Comptroller-Gen. Pat- 

Designs and Trademarks. 
bound vol. 

Great Britain—Under Sec. State. vol. 

Sec. State for 
India. vol. 

Greene, Charles vol. 

‘Greene, George S., bound vol., vol., 
pam., map 

Grille, Antoine. ‘bound vol., vol. 

Haines, H.S. vol., pam. 

Hannover Technische Hoch- 
schule. 

Harvard Univ. bound vol., vol. 

Haupt, Lewis bound vol., pam. 

Hawley, W.C. 

Hayford, John pam. 

Henderson, J.B. 2pam. 

Hill, Edwin pam. 

Hobson, Joseph. vol. 

Hill, William bound vol., 

Hodgdon, Frank bound vol. 

Hoech, Theodor. bound vol., 

Holman, M.L. 

Hopkins, Dolph. 

How, Richard Willis. bound vol. 

Howe, Malverd bound vol. 

Humphrey, Richard pam. 

Hunt, Charles Wallace. 

Hunt, Charles Warren. pam. 

William Rich. bound vol.,4 vol., 


pam. 


pam 
Soe. Engrs. and Surv. 
India Pub. vol. 
Ind. 
Inst. Civ. Engrs. bound vol., pam. 
Inst. Engrs. and Shipbuilders Scot- 
land. bound vol. 
Inst. Junior Engrs. vol. 
Inst. Mech. Engrs. 


Inst. Surv., New South pam. 


DONATIONS THE LIBRARY. 


[Society 


Inst. Injenieros Santiago Chile. 


pam. 

Intercontinental bound vol. 

International Assoc. for Testing Materials, 
American Section. pam. 

International Ry. Cong. vol. 

Iowa State Lib. pam. 

Tron and Steel Inst. bound vol., pam. 

Italy-Ministero dei Lavori Pubblici. vol. 

Jackson, William. 

James River Construction Co. pam. 

Japan Imperial Earthquake Investigation 
Com. 

The John Crerar Lib. 

Kansas Univ. 

Keefer, T.C. 

Kennedy, 

Kiers koop. vol. 

nst. van Ingenieurs. bound 
pam. 

Kummer, 

Kunz. 

Shore ichigan Southern Ry. Co., 


pam. 
map 
LeClere, Francis. vol. 
Lehigh Univ. pam 
Eng. —Borough Surv. bound 


Leisen, Theodore vol. 

Leutzé, Trevor bound vol., map. 

Liverpool Eng. Water-Works. 


pam. 


bound vol. 


La. State Board Eng. 
McCalla, Specif. 
McGill Univ. bound vol. 
McKim, Alex. Rice. vol. 
Pub. Works Dep. bound vol., 
vol. 
Me. Commrs. bound vol. 
Manchester Steam Users’ pam. 
Manson, Marsden. bound vol. 


pam. 


Mass. Agricultural Coll. 

vol. 

Mass. Bureau Statistics Labor. 
bound vol. 


Mass. Inst. Technology. 
Mass. Park Comm. bound 


Metropolitan Sewerage Commrs. 
bound vol., pam. 
Mass. Metropolitan Water Board. 2bound 


State Board Health. bound vol. 


vol. 

Master Car Builders’ Assoc. pam. 
Mayne, vol. 

Mead, Elwood. 

Assoc. New York. bound 


vol. 
Mich. Mines. pam. 
Mich. Lake Superior Power Co. specifi- 
cations. 
Mich. Univ. 


| 


DONATIONS 


Minneapolis City Eng. 

Miss. River Comm. vol., pam. 

Mont. Soc. Eng. pam. 

Montreal City bound vol. 
Moore, 

Morley, Fred. 

Murdock, William. pam. 

Museu Nacional Rio Janeiro. 2vol. 
Nagle, J.C. 


Nelson, James pam. 
New England Cotton Man. Assoc. 
vol., vol. 


New England Free Trade League. 20pam. 
New South Wales Gov. Board for Interna- 
tional Exchanges. bound vol. 
New South Wales Ry. Commrs. vol. 
pam., map 
New York City bound vol. 
New York City Meteorological Observa- 
bound vol. 
ilter Mfg. Co. bound pam. 
bound vol., pam. 
State Comptroller. pam. 

State Eng. and Surv. bound vol. 
State Fisheries, Game and Forest 
Comm. bound vol., pam., map. 

State Reformatory. pam. 

State Univ. bound vol., pam. 

New Registrar-General. bound 
vol., pam. 

New Zealand Scenery Pub. Co. pam. 

Newton, Mass., City Eng. 

North, Edward bound vol., vol., 
pam., specif. 

North-East Coast Inst. Eng. and Ship- 
builders. bound vol. 

North-West Territories Canada, Dept. 
Pub. Works. bound vol., 

Nova Scotian Inst. Sci. 

Oesterreichischer Ingenieur- und Archi- 
tekten-Verein. 

Ohio Soc. Surv. and Civ. Eng. 

Osborn, Frank bound vol. 

Owen, James. 

Paine, Charles. bound vol. 

Paine, George bound vol. 

Parsons, Wm. Barclay. vol. 

Penn. Co. pam. 

Penn. Univ. vol. 

Philadelphia Citizens’ Municipal Assoc. 
pam. 

Philadelphia Commercial Museum. 

Phil. Soc. Glasgow. 

Pittsburg Filtration Comm. bound vol. 

Post, bound vol. 

Pratt Inst. Free Lib. pam. 

Purdue Univ. pam. 

Putnam’s Sons, bound vol. 

Rafter, Geo. pam. 

Railroad Gazette. bound vol. 

Railway World Pub. Co. bound vol. 

Reece, Benjamin. pam. 

Rice, Herbert bound vol. 

Richardson, Clifford. 

Ricketts, Palmer bound vol. 

Rix, Edward bound vol. 

Roadmasters’ Assoc. Amer. pam. 

Roberts, Alfred bound vol. 


THE LIBRARY. 209 


Robinson, bound vol. 

Rochester Executive Board. 

Construction Co. vol. 

Rome, Romana, Scuola 

Applicazione per 2pam. 

Royal Soc. New Wales. 

Rust, Charles 

St. Bride’s Press, Ltd. bound vol. 

St. Louis Merchants’ bound 
vol, vol. 

St. Louis Pub. Lib. vol. 

St. Paul Board Water Commrs. 

Club, New York City. 


San Francisco Board Supervisors. 
bound vol. 

Sandberg, C.P. 

Schweizerischer Ingenieur- und Architek- 
ten-Verein. vol. 

Scientific Pub. Co. bound vol. 

Sheldon, bound vol. 

Sibley Journal, Cornell Univ. 

Smith, 

Smithsonian Inst. vol., vol. 

Soc. Cientifica Argentina. 

Ingenieros Peru. pam. 

Soc. Belge des Ingénieurs des Indus- 
triels. pam. 

Soc. des Ingenieurs Civils France. 
bound vol., vol. 

Soc. Eng. bound vol. 

Soc. Naval Arch.and Marine Eng. 
bound vol., pam. 

South African Assoc. Eng. 

South African van het 
Mijnwesen. pam 

Spon Chamberlain. bound pam. 

pam. 

Springer, Julius. bound vol. 

Steward, Herbert. bound vol., pam. 

Stone, bound vol. 

Stowell, F.C. 

Suplee, bound vol. 

Svenska pam. 

Taber, Geo. bound vol. 

Tatnall, George. vol. 

Tenn. Univ. vol. 

School Civ. Eng., Darmouth Coll. 

pam. 

Tindale, Stewert. bound vol. 

Tokyo Imperial Univ. vol. 

Tratman, Russell. bound vol. 

Trautwine, J.C., Jr. pam. 

Trustees Phoebe Hearst Architectural 
Plan, San Francisco, Cal. bound vol. 


pam. 

Tyrrell, H.G. 

nion Surety Guaranty Co. 
am., bound vol., vol. 

Bureau Statistics. bound vol., 

vol., pam. 


q 
{ 
fi 
| 
H 
q 
. 
a 
3 


210 DONATIONS 


Bureau Yards and Docks. Specif. 

Civil Service Comm. vol. 

Coast and Geodetic Surv. bound 
vol., pam. 

Corps Engrs. bound vol., 236 

am., atlas, 417 specif. 

vol., pam., atlases, 247 maps. 

Interior Dept. bound vol. 

Interstate Commerce Comm. 
vol., pam. 

Nautical Almanac Office. bound 
vol., vol., pam. 

Navy Dept. vol., pam. 

Office Naval Intelligence, pam. 

Ordnance Dept. bound vol., pam. 

Patent Office. vol. 

State Dept. bound vol., pam. 

Treasury Dept. boun 

War Dept. bound vol. 

War Dept., Dept. Havana, 


U.S. Weather Bureau. 3bound 


vol., vol. 


pam. 
Valentini, Carlo. 
Van Nostrand bound vol. 
Verein Deutscher Ingenieure. pam. 


THE LIBRARY. [Society 
Victoria Chamber Mines. 


Walker, JohnShaw. vol. 

Walker, John Simpson. 

Ward, Lebbeus bound vol., vol., 
pam., specif. 

Webster, George vol., pam. 

Wells, Lionell vol. 

Western Car Service Assoc. 

Western Soc. Eng. 

Whittaker, Thomas. bound vol. 

Wiley, John Sons. bound vol. 

Geological and Natural History Surv. 


Wis. Univ. 


Unknown Donors. bound vol., pam., 


specif. 
Obtained Purchase. 2bound vol., 
pam. 


future, the list donations the Library will published monthly. 


MEMBERSHIP. 


ADDITIONS. 


MEMBERS. 
ALEXANDER, 
Firm, Snow and Barbour, 1121 Tremont Building, Boston, 
Janney, 
Office, Howell and Taylor, 605 Twelfth St., W., Wash- 
Harry 
Davin, Jun. 
Asst. Prof., Civ. Eng., Union College, Assoc. 
Gillespie St., Schenectady, 
Weston, CHARLES VALENTINE, 
Chf. Eng., Northwestern Elevated Railroad Co., 973 
Adams St., Chicago. 


ASSOCIATE MEMBERS. 


JOHNSTONE, 
Victoria St., Westminster, W., London, England... 
CHARLSWORTH, WILLIAM 
Eng. and Surveyor, Opotiki County Council, Opotiki, 
ELMER JAMES, 
Instructor, Civ. Eng., Cornell Univ., 119 Quarry St., 
CHARLES, 
Hydrographer, Geol. Survey, 409 Aurora St., 
THEODORE NELSON, 
Asst. Eng. charge Middle Section, Pennsylvania Ave. 
Subway, 1821 Mt. Vernon St., Philadelphia, Pa....... 


JUNIORS. 
Enos, WALLACE, 


AsA WARREN, 


211 


Date 
Membership. 


Sept. 


Sept. 


April 
Sept. 


June 
Oct. 
June 
Sept. 


Sept. 


Feb. 
Nov. 
Sept. 
Sept, 


Sept. 


Mar. 


1900 


1900 


1895 
1900 


1900 
1892 
1898 
1900 


1900 


1900 


1899 


1900 


1900 


1900 


1900 


1900 


Ave. and 67th St, Brooklyn, Y............ Sept. 11, 1900 


— 
Be, 
June 


212 MEMBERSHIP—CHANGES ADDRESS. [Society 


CHANGES ADDRESS. 


MEMBERS. 

WILLIAM AUGUSTIN....... General Inspector Material, Rapid Tran- 
sit Commissioners, City New 
York, 613 Empire Bldg., Pittsburg, Pa. 

APPLETON, Care Life Saving Service, State 
St., New York City. 

1238 Oak Ave., Evanston, IIl. 

GILBERT JAMES ........... Asst. Eng., Ry., 325 East 
Main St., Galesburg, 

BROWN, Chf. Eng., Ohio Val. Elec. Ry. Co., Pome- 
roy, 


ASHBURNER. 


Canada. 


Broadway, New York City. 


Davip Eng., Water Committee, City Hall, Port- 
land, Ore. 

ALBERT NEUMANN...... Chf. Eng., White Co., Ltd., 
College Hill, Cannon St., London, Eng- 

CRAWFORD, Box 345, Ottawa, Ont., Canada. 

Chf. Eng., Santa System, Great Northern 
Bldg., Chicago, 

CHARLES GLEASON...... Sistersville, Va. 

W........... 537 Pearl St., Denver, Colo. 

Hayt, Jr....267 Chemung St., Corning, 

Chf. Eng., Pere Marquette Co., De- 
troit, Mich. 

West 23d St., New York City. 


Kunz, CHARLES........ 
Lone, THomas JOHN ............ 
McKay, 
LORENZO......... 
Norton, JoHN 


Asst. Vice-Prest., Eng. Dept., American 
Bridge Co., 100 Broadway, New York 
City. 

Vice-Pres. and Eng., Atlantic, Gulf and 
Pacific Co., Park Row Bldg., New York 
City. 

First Asst. Eng., Croton Aqueduct, 13-21 
Park Row, New York City. 

2132 Glenwood Ave., Toledo, Ohio. 

Care Cuba Co., Canto Embarcadero, 
Cuba. 


..Pres. and Man., The Contractors’ Supply 


Co., Webster Ave. and East 198th St., 
New York City. 

Asst. Eng., Ill. Cent. Co., Fulton, 
Ky. 


Civ. Eng., Univ. Missouri, Col- 


umbia, Mo. 


n, 


Affairs.] MEMBERSHIP—CHANGES ADDRESS. 213 


Van DER Ripley Place, Buffalo, 
Cons. Eng., Broadway, New York City. 
East 19th St., New York City. 


ASSOCIATE MEMBERS, 


WILLIAM...... Chf. Eng., Ferrocarril Chihuahua 
Pacifico, Apartado 46, Mexico. 

Bryan, KENNERLEY......... .....Care Otis Elevator Co., Mills Bldg., San 
Francisco, Cal. 

CHAMBERS, TAYLOR........ Civ. Eng., N., Bureau Yards and 

Docks, Dept. the Navy, Washington, 

Harry ...Eng. Dept., Univ. Cincinnati, Cincin- 
nati, Ohio. 

Davis........Cons. Eng., International (Water) Boundary 
Commission, and Mexico, Paso, 
Tex. 

Davis, Bridge Company, 100 Broadway, 
New York City. 

GREENE, Maxson......... Firm, Foster and Greene, 133 Fifth Ave. 
(Res. 120 Riverside Drive), New York 
City. 

.Asst. Eng., Michigan Superior 

Power Co., Sault Ste. Marie, Mich. 

.489 Fifth Ave., New York City. 

Isthmian Canal Commission, Wash- 
ington, 

Lone, West 52d St., New York City. 


.....Paxtang, Dauphin Co., Pa. 

865 Chapel New Haven, Conn. 

SPIELMAN, JOHN GODFREY........ Eng., Pittsburg Branch, American Bridge 
Co., Pittsburg, Pa. 

.......... 1123 Broadway, New York City. 

TRUNDLE, Horatio Div. Eng., Isthmian Canal Comm., 104 Cor- 


coran Bldg., Washington, 


ASSOCIATES. 


Henry SYLVESTER........ Prof. charge, Bridge Eng. and Graphics, 


Cornell Univ., Reservoir Ave., Ithaca, 


Box 222, Charleston, Va. 


JUNIORS. 


ANDERSON, JAMES CHRIS......... Sherman Place, Jersey City, 
JANVRIN, HERBERT........... Lexington, Mass. 


25 
_| 
n 
0, 
ly 
| 


214 MEMBERSHIP—CHANGES ADDRESS. 


Norman Dept., Board Public Works, San 
Francisco, Cal. 


Ezra Van Sice Ave., Yonkers, 


DEATH. 


22d, 1900. 


Vol. XXVI. SEPTEMBER, 1900. No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852, 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 
Papers presented: PAGE. 
The Theory and Practice Precise Leveling. 
The Preservation Railway Ties Europe. 


Discussions Papers which have been presented 
Experiments the Flow Water the Six-Foot Steel and Wood Pipe Line 
the Pioneer Electric Power Company, Ogden, Utah. Second Series. 


Proposed Method for the Preservation Timber. 

Recent Stadia Topographic Surveys: Notes Relating Methods and Cost. 

Messrs. RAFTER and WILLIAM 934 
Irrigation Studies. 

Messrs. MANSFIELD MERRIMAN and RUDOLPH 937 


Discussions Topics Presented the Convention: 
Recent Practice Rails. 
Filtration Water for Public Use. 


GREENE, WALTER and ALFRED ROECHLING... 


a 
a. 
re 


Vol. XXVI. SEPTEMBER, 1900. No. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE THEORY AND PRACTICE PRECISE SPIRIT 
LEVELING. 


PRESENTED OcTOBER 1900. 


INTRODUCTORY. 


presenting this paper the Society, the writer actuated 
the conviction that the subject precise spirit leveling has not received 
the exhaustive treatment which manifestly deserves, and that clear 
and comprehensive exposition the latest developments and methods 
would be, this time, great value the profession. further 
object elevate the standards spirit leveling the point truly 
scientific work. 

Leveling, commonly conducted, belongs the most primitive sur- 
veying operations. However, when there presented the problem 
spanning the continent lines levels which shall accurate the 
highest skill and most perfect instruments will permit, then may 
truly said that the primitive art has advanced the status science. 

Leveling simple only when permissible neglect all small 
errors; becomes more complicated and requires more painstaking 
proportion the accuracy required. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
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The ultimate aim precise leveling perform level work which 
absolutely free from error, far this attainable with the 
highest human skill, ingenuity and perseverance, combined with the 
use the best instruments. 

manipulate high-grade instrument with celerity and accuracy 
artistic; observe correctly, determinine all possible sources 
error and eliminate these errors proper methods observing and 
constant vigilance, truly scientific. When all this accom- 
plished the fields the public highways, exposed the elements 


and many interfering annoyances, seems almost miraculous attain 
the results which some observers have obtained. Despite all these 
hindrances the subject demands delicacy instruments and 
accuracy results quite equal, even superior, the highest grade 
geodetic work. 

There are very few men who have made success precise level- 


ing, and, these, less than half-dozen have given the profession 
the results their experience and study. Hence, the subject has ad- 
vanced very little during the past fifteen years, and anyone detailed 
such work confined very limited resources aside from his own. 
Also, the inducements offered are generally such that first-class men 
will not follow precise leveling specialty, although the subject 
demands specialist the highest sense. 

For this reason the writer hopes add some new information 
this branch geodetic work, giving complete treatise 
precise leveling according his own experience and research. 

The historical side the subject well treated the report 
the Geodetic Conference,* February 28th, 1894, that attempt 
here made that direction. 

view the many diverse opinions, theories and methods hitherto 
advocated, the present paper will confined the most practical 
and approved methods, and doubtful features will discussed only 
when deemed necessary. The system leveling here outlined 
essentially that used the United States Lake Survey and the Missis- 
sippi River Commission, with many changes which suggested them- 
selves the writer while engaged the United States Board 
Engineers Deep Waterways, running duplicate line precise 

levels along the St. Lawrence River from Tibbett’s Point, Y., 
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Lake Ontario, the Canadian Boundary Line St. Regis, Y.; also 
the United States Lake Survey running duplicate line around 
Lake St. Clair, from Grossepoint New Baltimore, Mich. 

not deemed necessary state the fundamental principles and 
definitions terms involved common leveling. The reader sup- 
posed familiar with the definitions given textbooks sur- 
veying, and these will used far they are found applicable. 

common customary neglect all refinements which 
are supposed prevent only small errors, but not affect the material 
accuracy results. not generally considered necessary even 
equalize back and fore sights, shade the the sun, 
plumb the rod with spirit level plumb line. However, this 
gross neglect, for most these things can done without addi- 
tional expense, and, will shown later, are much the interest 
good work. The question always confronts us: What the limiting 
magnitude so-called small Some these neglected errors 
are likely surprisingly large. 

The method differential spirit leveling, executed with the 
wye level, is, principle, circumscribing polygon around the 
earth’s surface succession tangential lines. the earth were 
perfect sphere uniform radial attraction all points its surface, 
then error would introduced into line spirit levels long 
back and fore sights are made equal, assuming that deleterious 
atmospheric exist. 

However, the earth not sphere, but ellipsoid revolution, 
thus making the theory precise spirit leveling quite complicated. 
This proposed discuss the following under the head 

all following discussions and data, the metric system weights 
and measures will used exclusively, that system being almost indis- 
pensible the class work here considered. 


General Remarks. 


There are number high-grade levels manufactured different 
parts the world. All makers are striving attain the greatest per- 
fection, yet the majority fall far short the mark. The difficulty 
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seems that the makers are not precise levelers and hence not 
fully know and appreciate the fine points required such instru- 
ments. Also, the various methods observing demand variety 
the construction certain details which will not harmonized until 
all observers have accepted generally approved system leveling. 

Another difficulty the way progress that the makers are 
peculiarly obstinate, and show marked indisposition alter their 
designs instruments better suit the requirements the engineer. 
battle words generally necessary convince the maker de- 
sirable improvement, and, when convinced, will adopt the improve- 
ment only when specially ordered. This applies more strictly 
American makers, probably because American engineers, generally, 
are more easily satisfied and seem entertain high degree con- 
fidence the ability the maker produce the best possible 
instrument. 

There is, for example, need for the ordinary wye-level, this in- 
strument being more than replaced transit with few slight 
modifications which could made without material increase cost. 
Yet the makers (with few exceptions) will not adopt the progressive 
move, probably because would prevent the sale common levels. 

The ordinary wye-level, matter how well made, very imperfect 
principle and does not permit quick and reliable work, although 
intended for that very purpose. The reasons for this will brought 
out more clearly the following. 

instrument has ever been made which could said that 
was free from error could made the most careful adjust- 
ment its parts. Hence, the observer can place absolutely 
reliance any instrument for permitting perfect adjustment for 
holding such adjustment longer than few minutes time. His 
confidence and assurance perfect elimination error must rest 
his own ability accomplish this end, and the instrument which best 
permits this difficult achievement necessarily deserves the credit 
being the most perfect. 

means intended convey the impression that the most 
perfect level necessarily the most complicated. the contrary, 
simplicity isa prime necessity the usefulness level, and its 
peculiar purpose demands strength, durability, compactness and 
stability all its parts. somewhat severe treatment, 
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for instrument such fineness and delicacy, follows that fill 
the requirements imposed, and especially permit easy, certain 
and rapid manipulations the field, perfect precise level becomes 
one the most painstaking productions the maker. add the 
difficulty perfecting the design levels, the maker has not the 
practical experience necessary know the exact purpose which 
must adapt his instrument, but must base his ideas purpose 
very meager, often conflicting, collection requirements. 


Description Various Precise Levels. 


Buff and Berger Precise Level No. 2768.—This level, shown 
Plate XXXIV, was made 1897, essentially according the design 
Professor Mendenhall, President the Worcester Polytechnic 
Institute. combines simplicity construction with practical and 
substantial design and excellent workmanship, and believed the 
writer the most perfect precise level yet produced. 

previously stated, that instrument the most perfect which 
best permits the elimination all errors directly the observations 
themselves, even though the adjustments the instrument are some- 
what imperfect and variable, defect which can never entirely 
avoided. This instrument may said permit this higher 
degree than any other known the writer. 

Perhaps the most important feature precise level good 
telescope, high power, comparatively large aperture, perfect defini- 
tion within limits the telemeter threads, careful mounting the 
lenses, especially the objective, and true movement the eyepiece 
the telescope tube without trace lateral looseness. 

this level the telescope supplied with two carefully 
steel collars upon which supported any position four agate 
points, the wye cradle. The striding level tube rests these steel 
collars, forming four points contact. The cross-threads and eye- 
piece are readily adjustable and are mounted the end tube 
almost the same length the telescope, thus absolutely preventing 
all irregularity motion. The material generally phosphor- 
aluminum-bronze, which probably good any, though steel 
would preferable were not subject corrosion. 


The striding level tube quite equal importance the tele- 
scope, and certain necessary relationship should exist between the 
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two order that they may equally efficient obtaining accurate 
readings. That is, for the maximum allowable length sight, the 
error pointing, due the delicacy the level tube, must far 
within the attainable accuracy single rod reading with telescope 
given magnifying power. 

The striding level, therefore, contains accurate and sensitive 
tube, which mounted carefully bronze case, permitting vertical 
and lateral adjustments. This level tube has air chamber one 
end, thus making the length the bubble adjustable for all ordinary 
temperatures. adjustable revolving mirror reflects the bubble 
image the eye the observer either position 
level tube should never mounted rigidly cement plaster 
Paris, was done originally the above instrument. thin strip 
cork blotting paper, wrapped around one end the glass tube and 
held screw pressure within the case, all that required. The 
other end may carried two points and held position spring 
pressure. 

The level tube may reversed simply lifting out the 
guides and replacing reversed position. The telescope may 
revolved its collars through 180°, and its horizontal thread 
made horizontal adjustable stops each side the cradle 
the eye end the telescope. The striding level must always 
removed when the instrument being carried and while revolving 
the telescope. 

The foregoing features constitute the vital points precise level, 
and the remainder the instrument minor importance, though 
many the details are extremely valuable facilitating quick and 
accurate handling the instrument. the best and most 
practicable mcunting the telescope and level tube yet devised 
represented this instrument. 

The cradle, taking the place the wyes level ordinary con- 
struction, centrally mounted horizontal axis intersecting the 
vertical axis the instrument. Hence, any tilting the cradle that 
may desirable bring the bubble the center the level tube, 
does not the least affect the height instrument, that the instru- 
ment need only made approximately level the small tubular 
spirit levels attached the rigid frame, and the fine leveling then 
done means the large milled-head micrometer the eye end. 
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The rigid wye the common level thus replaced swinging 
cradle which adjusted the level tube every observation, thus 
transferring the movement the wyes from the coarse leveling screws 
single delicate micrometer screw. 

The cradle may clamped rigidly the screw the right, but 
this not considered useful desirable. 

The celluloid trimmings are intended prevent temperature 
changes caused handling the instrument. 

The three leveling screws are admirably well adapted this instru- 
ment, and permit generally low spindle and very broad base 
the tripod head, which makes the instrument very steady even for 
high wind, and the numerous other disturbing elements with which 
the observer constantly molested. The tripod legs are also very 
rigid and serve their purpose well. 

The Swiss Precise level, shown Fig. Plate 
was manufactured Messrs. Kern and Company, Aarau, 
Switzerland. embodies essentially all the features described the 
Buff and Berger level, though, general, not well constructed, 
and the level tube cannot reversed the telescope except 
unclamping the lock device the eye end the instrument, which 
somewhat annoying. The circular watchglass level for approximate 
setting the instrument little better than the two small levels 
the Buff and Berger level, which latter are partially covered 
the lower frame. The level tube and telescope are much better than 
the remainder the instrument. 

The only objections this instrument are: The short eyepiece 
tube, which frequently shifts laterally, thus introducing thread 
errors; the cradle joint not being the vertical axis introduces errors 
from releveling; and the screws and other small parts generally are 
too light, and hence not wear well. 

The Kern level was first used this country the United States 
Lake Survey 1876, and was retained all precise leveling under 
the United States Engineer Corps prior 1899. Plate 
shows the most improved form, though the older levels were almost. 
the same except that the mirror was fastened one end the level 
tube case, and did not permit reading the level tube direct and 
reversed. 

The Kern level undoubtedly the oldest high-grade instrument 
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made, and has maintained its excellence the, present day, being 
exceeded none quality material and workmanship, though 
being somewhat superseded details the Buff and Berger level 
designed Professor Mendenhall. 

The French Government Level.—This level, shown Fig. Plate 
XXXV, was made Barthelemy, Paris, and used the 
Nivellement Général France. instrument somewhat 
different type from those just described. The illustration taken 
from photograph the level the College Civil Engineering, 
Cornell University. 

With the exception the level tube, this instrument almost 
exactly like the Kern level, and all criticisms offered regarding the 
latter level apply equally the French level. Hence, will suf- 
ficient describe only the exceptional construction the level tube, 
which, general way, may said represent most compli- 
cated solution one the least troublesome features precise 
level. 

The idea this level tube produce image the bubble 
which may seen from, near, the eyepiece the telescope with- 
out parallactic error. accomplish this, the image each end 
the bubble carried adjustable prisms, attached the horizontal 
frame the level tube, trough near the eye end the telescope, 
which four other prisms carry these images eyepiece, seen 
one side the telescope eyepiece. This certainly complicated 
solution small difficulty readily solvable ordinary mirror, 
done the two levels previously described. That the parallax 
the bubble image inclined mirror can easily prevented, 
and that even when allowed exist eliminates itself from the work 
when back and fore sights are made equal, will shown later. 

However, granting, for the present, that such complicated de- 
vice were necessary, readily seen that the manner which 
here applied not all satisfactory, because the two eyepieces are 
about mm. apart, and hence the bubble cannot observed 


the instant taking the rod reading, which fact far more 


jectionable than slight parallax. Also, reversing the level tube 


the prisms over the level must reversed and refocused, which con- 
sumes time and apt disturb the instrument. 


will seen from Table No. this instrument not nearly 
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delicate, point magnifying power and level tube curvature, 
are those previously described. 

The United States Coast and Survey Level.—This instru- 
ment, shown Fig. Plate XXXVI, was designed and made the 
shops the Survey, and represents the type level used this 
bureau the Government prior 1899. Some changes this instru- 
ment, also the field methods used the Survey, have been 
made recently, but these have not yet been made public, and hence 
only passing reference will suffiee point out few the most 
striking features which are different from other high-grade levels. 

The general design does not differ materially from the Swiss instru- 
ment. There means, either mirror otherwise, observing 
the bubble simultaneously with the rod, which very serious omis- 
sion. Also, there coarse level for approximate setting the in- 
strument, and hence this must done with the striding level two 
positions, which slow process. novelty (supposedly) intro- 
duced system bearings wyes, inside the principal wyes, for 
the purpose raising the telescope off its supports while being 
its horizontal axis, prevent the wear usually attending 
this manipulation. However, has been intimated, and will 
brought out more clearly another place, this not necessary, be- 
cause the wear the collars does not the relation existing 
between the level tube and the telescope, except when the tube con- 
tact and the wye points support are the same circles the tele- 
scope collars, which seldom the case and should avoided all 
instrument designs. 

The Massachusetts State Survey Level.—This instrument, shown 
Fig. Plate XXXVI, was constructed Messrs. Buff and Berger, 
Boston, Mass., and used also the United States Geological Survey. 
not really precise level, but merely good common level. 

This instrument, principle very much like that shown Plate 
embodies most the features precise level, but, without 
striding level tube, cannot considered such. The focusing 
accomplished motion the objective, which somewhat incon- 
venient the observer. This instrument could readily altered 
become very good level for precise common work merely re- 
moving the fixed level and replacing with one that can used 
combined striding and fixed level, done the Buff and Berger 
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TABLE No. LEVELING INSTRUMENTS. 


Materia). 


Professor Mendenhall Steel and 


Bronze. 


Co., No. and 


French Government 
Level. Barthel- 


detic Survey. Level 
used prior 1899..... 


Survey. Buff 


Brass. 


Berger, and 


Bronze. 


Focal Length. 


380 


Diameter Obj. 


TELESCOPE. LEVEL TUBE. 


Level 
Reading 
Device. 


Thread Distance. 


Magnifying Power. 


Focusing. 


Prismatic eye- 
piece. 


None. 


Metallic side 


Curvature 
per 2-mm. 
Division. 


Seconds. 


5.0 changed 
2.23. 


1.7 3.4 


8.26 


WEIGHT. 


Instrument. 


5.3 


5.0 
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4.5 
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10.8 


11.7 


10.7 
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Leveling. 
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plate levels. 
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plane table alidade. However, the mirror should not omitted, and 
the form used Plate XXXV would preferable that here used. 

The properties the five instruments just described are given 
Table No. 


Salient Features Precise Level. 


For general criterion standard excellence precise level 
the following will serve guide: 

The telescope should about 420 mm. long, have aperture 
about and magnifying power about diameters. 
should readily reversible and invertible its cradle supports. 
The focusing should always accomplished movement the eye- 
piece, and the latter should absolutely free from all lost motion 
and wobbling. The position the telescope the cradle should 
regulated adjustable stops (but clamps), that the threads 
may made exactly horizontal when the telescope normal 
mm. per meter distance. There should one vertical and three 
horizontal threads, and the two half intervals should nearly 
equal possible. 

The level tube should curvature about seconds per 
division 2mm., have air chamber, and adjustable vertically 
and laterally. The bubble must surmounted adjustable mirror, 
that parallax eliminated both positions the level and mirror. 

The level tube should rest the telescope collars four points 
which are not the circles passing through the points contact 
between these collars and the cradle supports. The tube should 
guided laterally and horizontally, that the contact points between 
and the collars shall remain the same, but shall otherwise free 
that reversals may readily made without any unclamping, etc. 

The cradle support, taking the place the wyes ordinary 
level, should swing vertically about the vertical axis 
the instrument, that releveling will not change the elevation the 
telescope. The cradle should movable means large micro- 
meter screw working against counter spring. The instrument 

should supplied with small watchglass level for approximate and 
quick leveling (not for taking readings), thus leaving the micrometer 
only for fine setting for each individual rod reading. 
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Precise Level Rods. 


Like the levels, the style rod has passed through many stages 
evolution, and, even this time, widely different opinions exist 
regard the best material, cross-section, graduation, 
used. 

The has generally been wood, and clear, white 
pine seems have received the preference. Various methods 
treating the wood have been used and advised, and the whole matter 
appears resting more less individual opinions. 

The usual treatment consists several coats linseed oil covered 
several coats white paint. This treatment has given good 
satisfaction, generally, and the old Lake Survey rods, made Kern 
Company, thus prepared, have given excellent results and with- 
stood hard usage for the past years. The United States Coast and 
Geodetic Survey, 1895, prepared two pine rods immersion 
hot paraffin until they had increased from 95% weight. 
Similar rods, recently made for the United States Geological Survey 
Messrs. and Gurley, Troy, Y., were treated with 
paraffin penetration about mm. 

However, the experience with paraffin rods would show that 
this treatment causes the wood become soft, and prevents the per- 
fect adhesion paint. partial saturation with linseed oil would 
not injure the wood, the oil soon hardens and thus lessens the 
hygroscopic property the wood. The oiled wood also well pre- 
pared hold the white paint, which latter claimed, Colonel 
Goutier, assist materially lessening the effect due moisture. 
According the determinations the United States Coast and 
Geodetic Survey, the paraffin treatment would appear increase the 
coefficient expansion pine wood about 50%, which would 
another undesirable feature this process. 

Cross-Sections.—Various cross-sections have been used for level- 
ing rods, but the general consensus opinion tends toward 
unless the graduation, other appliances, like targets, 
influence the choice. 

Graduation.—The style graduation depends whether target 
rod used self-reading rod. For the former, any common, easily 


readable scale, with vernier, will answer. Perhaps the most elaborate 
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target rods ever constructed are those designed the United States 
and Geodetic Survey.* 

The rod used the general levels France, and designed 
Col. Goutier, more the order self-reading rod with the 
smallest graduation mm. the graduations are not 
well adapted close estimation, being more the principle line 
graduation. This rod has very ingenious device for making temper- 
ature corrections, which consists metallic thermometer iron 
and brass bars attached the bottom the rod and allowed 
expand upward. Such rod forms part the collection the 
Department Civil Engineering Cornell University. 

The Kern level rods, previously referred to, are graduated centi- 
meters double system black and white figures, upon which 
intended estimate least millimeters. After much practice 
and study the subject estimating, careful observer can estimate 
from 0.2 0.5 mm. for sights with magnifying power 
diameters, though this difficult task, requiring exceptional 
eyesight and long practice. Few observers ever reach such precision. 
However, these rods} were used all the work done under the Corps 
Engineers, United States Army. 

Without stopping quote numerous opinions others, the 
following brief argument presented show the superior practica- 
bility self-reading rods over target rods. general, with good 
instrument and well adapted rod graduation, the position thread 
the rod can sharply read itis possible set target, 
because the space covered either rod target the thread itself 
vitiates target setting more direct estimation. The target, 

wherever set, can read with vernier other fine device, but such 
accuracy will farcical, not real. there error 


pointing might well made the rod reading the target 
setting. 

Further, the accuracy direct reading, far, has been found 
well within the limits attainable accuracy owing condi- 
tions atmosphere and instruments used. 

With suitable graduation, the probable error repeated point- 


Described and illustrated page 381 the Survey report for 1895. 


Further description and illustration this rod may found Transactions, 


Soc. E., Vol. xxxix, 


fix 
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ings made target and duplicated self-reading rod, show 
superiority the tormer even when only one thread read the 
latter. With precise methods, however, necessary, for other 
reasons, read three threads, and then the accuracy attainable with 
the self-reading rod far higher. 

The most important feature the self-reading rod is, however, 
the rapidity and absolute control the instrument which the observer 
enjoys when independent all actions the rodman, save that 
the latter shall hold his rod plumb and quiet. With this system alone 
possible for the observer take the responsibility his work 
and follow the now generally accepted method observing with the 
bubble the center. 

may added that ordinary work can done with greater accu- 
racy with rod than with target rod, and usually the 
readings can taken less time than required set the target 
only approximately correct. Hence, the self-reading rod deserves 
decided preference for all classes work, from the coarsest the 
finest. There only one exception known the writer, and that 
construction work, where, for instance, number piles should 
sawed off the same level, such similar cases, when target rod 
would come handy, although many errors are attributed such cases 
slipping erroneous setting the rodman. 

New Self-Reading Rod.—A new self-reading rod, designed the 
writer 1899, illustrated Figs. This design the 
result much experience and careful study, and involves the simplest 
figures which are discernible the greatest distance. 

The design based strictly the self-reading principle, and thus 
‘enables the observer read, practically without counting anything, 
from the coarsest down the finest graduation. The fraction the 
smallest graduation (2mm.) then estimated with precision pro- 
portional the distance and the quality the instrument used. 

This rod is, therefore, well adapted the coarsest well the 
finest kind work. 

exercising great care, good readings may obtained from 1-cm. 
graduations, but the faculty for close estimating soon tires. Hence, 
increase the general accuracy the work, lessen the strain the 
facilitate progress, self-reading rod with 2-mm. unit 
graduations considered necessary. 
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The following specifications for pair such rods will suffice 
give good description the rod and its appurtenances: 


Two level rods complete, each with handles, spirit level, plumb- 
bob and thermometer, shall furnished, packed light pine box 
provided with hinged cover and locks. The size rods and style 
graduation shown the sketch hereto attached (see Figs. 
and 3). 

flexible steel scale, long, divided into centimeters, except 
the first decimeters, which shall divided into millimeters, shall 
furnished reel ins. diameter and mounted neat carry- 
ing case, provided with handle and lock cover. The scale shall 
numbered decimeters from 40. The reel shall mounted 
the case permit drawing out and winding the scale without 
removing the reel from the case. thermometer, specified below, 
shall furnished with this scale, and attached the case. 

rods shall made the best seasoned white pine wood, 
well impregnated with linseed oil and then dried, preferably appli- 
cation slight heat. The beaded edges the rod shall made 
clear hard maple oak, similarly treated. After the rods have been 
thorougly sandpapered, especially the faces graduated, they 
shall painted sufficient number coats best white paint 
and thoroughly dried, after which they may graduated, shown 
the drawing. 

The graduations shall accurately marked the painted 
rods graduating machine, and the figures afterward constructed 
this graduation shall painted black. 

rod shall provided with pair detachable handles and 
watchglass level capable easy adjustment. These shall securely 
fastened the rod, where indicated the sketch, very substan- 
tial fastening, using small brass bolts instead wood screws. All 
metal parts and trimmings shall brass. 

pin the foot each rod, together with its yoke, shall 
cast from best phosphor-bronze, free from lead and very hard. This 
pin shall truly faced, making its bottom surface perpendicular 
the axis the rod. Otherwise the pin shall dressed emery 
wheel and rigidly connected the foot the rod brass bolts. 
The distance between the bottom this pin and the zero gradua- 
tion must made exactly equal the two rods. 

mercurial thermometer, registering half degrees Centigrade 
between 50° and 15° (No. 245, Catalogue, Green) shall 
inlaid the wood each rod and covered small glass plate. 
This thermometer shall placed near and over the spirit level. 
similar thermometer shall provided with the steel scale 
and fastened inside the case. 

small plumb-bob, not larger than diameter, shall 
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furnished with each rod, and the rods shall provided with small 
brass points and hooks between which the plumb-bob may swung 
when the spirit level being adjusted. Such pin point shown 
plan, Fig. 

The two rods, with handles, spirit levels, plumb-bobs, etc., shall 
packed neatly light but durable pine box, which they may 
transported and preserved, Care should taken maintain the 
smallest possible dimensions for this box, not desirable have 
this part the outfit unnecessarily 


Readings taken this graduation, with Buff 
and Berger Precise Level No. 2768, showed that 
the greatest error single reading would 
vary from 0.2 0.4 mm. for distances from 
m., respectively. The steel scale 
intended for tri-daily rod comparisons furnish 
the error rod length and temperature correc- 
tion applied the work. The same scale 
also intended replace the rod when read- 
ing bench-marks which the rod cannot 
held. 

Precise Level Rod Supports.—The supports 
which have given the best satisfaction consist 
steel pins, shown Fig. These pins are 
driven into the ground with wooden mallet, 
and, with ordinary care, furnish support which All dimensions are inches. 
safe temporary bench-mark. There 
has never been the slightest indication heav- 
settling when these pins were used. 


The general idea using steel pin was 


originated France and Germany many years 
FORGED STEEL TURNING 
ago, butthe form here illustrated, withaslightly For PRECISE 


different head, was first used Mr. LEVELING. 
Ferguson, United States Assistant Engineer. 

needless take the discussion pins versus foot-plates, 
the latter are considered entirely out date. 


Two classes bench-marks are generally used precise leveling, 
the permanent and the temporary. The former are designed for per- 
manent and lasting record while the latter are necessary only carry- 
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ing the work between the permanent benches, and thus serve only 
temporary purpose. 

According American practice, the temporary benches are made 
driving 60-penny wire spike the root large tree, the root 
being first dressed off with hatchet. Frequently, large boulders are 
found which are preferable trees. With cold chisel smooth, 
rounded surface worked suitable part the boulder, and 
this point enclosed square, likewise cut into the stone. These 
benches are always numbered preserve their identity for some 
time. 

The permanent bench-marks are placed either substantial per- 
manent public private buildings, bed-rock, subterraneous 
monuments stone concrete. mark itself generally consists 
}-in. copper brass bolt cemented into the structure monu- 
ment, and placed horizontally vertically each case requires. 

The horizontal bolts are made square ended, cemented flush with 
the masonry and marked with fine center punch mark for the eleva- 
tion point. The vertical bolts are round headed and made project 
about in. above the stone. The name and number each bench 
chiseled into the stone near the mark. 

The American public has not yet reached the generally high regard 
and appreciation for scientific work found exist Germany and 
France, and, for this reason, not always prudent place marks, 
intended for permanence and security, plain sight. Hence, the 
subterraneous monuments, while they are more difficult describe 
and find, are far the most permanent. 

the more advanced European countries the permanent benches 
are always placed plain sight and provided with cast-iron 
bronze name plate, giving the name the department which estab- 
lished, the name the bench and its elevation meters above mean 
sea level normal datum plane. For Germany, this datum the 
permanent bench-mark the Berlin Astronomical Observatory,* 
elevation 

The United States Geological Survey has adopted uniform sys- 
tem permanent which similar some forms used 
France and Germany. While sought overcome the many 


Handbuch der Vermessungskunde,” Dr. Jordan, Vol. 456. 
Transactions, Am. Soc. E., Vol. xxxix, 842. 
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destructive tendencies our population specifying the fine for dis- 
turbing these marks, needless add that the offence must 
proven before fine other punishment can imposed, and 
this extent little accomplished the law. The safe plan 
conceal bench-marks such manner not invite the maliciously 
inclined todo mischief. condition will probably improved 
the course time, and may become safe adopt such form 
bench for general use. 


! 
CONCRETE 
| 


DIMENSIONS IN 


1.20 


There are many instances where bed-rock permanent buildings 
are not available, and then the subterraneous monument forms the 
best and safest bench-mark. cast-iron surface marker should 
used, and placed some definite position with reference the 
hidden monument, as, for instance, ft. south. Such bench 
illustrated Fig. name-plate suitable for this for buildings 
shown Fig. and quite similar the Geological Survey 
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mark. name-plate placed vertical wall, the point 
held should marked fine cross, cut shown, though this 
not necessary when used concrete bench. 

The number can stamped the name-plate the time 
placing the bench-mark, and the elevation would best supplied 
separate plate, which could fastened with two small screws. 

The concrete base may made carefully digging hole the 
required diameter and depth, filling the desired level with 
cement concrete, and finally placing the name-plate before the con- 
crete has set. 


END VIEW 


END VIEW 


LEVEL TUBE BUFF AND BERGER PRECISE LEVEL, No. 2768, 
SECTIONAL VIEW. 


Tue 


There are some features about very sensitive spirit levels, used 
precise leveling instruments, which deserve special consideration. 

Level level tube made cylindrical, extremely 
hard glass, and then ground, generally one side only, the are 
circle, whose radius varies from about several hundred 
meters, depending the desired sensitiveness. This tube filled 
with absolute sulphuric ether, with the exception air bubble, 
the length which may read scale graduated the glass 
tube. The ends the tube are closed fusing (never cement), and 
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near one end ground glass with small notch inserted the 
tube form air chamber which the length the bubble may 
regulated (see Fig. 7). The length the level tube should 
about 200 mm., and its external diameter about mm. 

The numbering the graduations the level generally from 
the center toward the ends, though some makers have adopted con- 
tinuous numbering from one end the The writer has used 
both styles and has reached the conclusion that for spirit leveling the 
graduation from the center far more preferable, and does away with 
all reductions the center necessary with the new style. The 
chances misreading erroneous centering are also much greater 
for the continuous graduation. The only argument favor the 
latter that the reading identifies the end the level, but spirit 
leveling this not important except when reading bubble displace- 
ments, which done only connection with determinations instru- 
ment constants. 

The level tube encased metal tube and held this tube 
one end slight screw pressure against blotting paper cork 
wrapping the glass tube, and the other end left free slide 


two points against which the glass tube pressed spring. 


instance should the glass tube cemented into the metal tube 
either end. Such rigid fastening likely break the tube, and 
prevents its keeping adjustment. 

This metal case carried the casing proper, frame, which 
the level tube may adjusted laterally one end and horizontally 
the other end. 

Sensitiveness the Level Tube.—The sensitiveness the level 
tube depends the curvature the tube and the length the 
bubble. There may also irregularities due improper grinding. 
Grit, not properly removed from the tube after grinding, corrosion 
the glass the ether, may cause unevenness the movements 
the bubble. 

The angular value movement the bubble 
over distance one graduation (generally 2mm.) may found 
the use level trier, rod readings taken with different posi- 
tions the bubble. The level trier very convenient, and especially 
well adapted test the uniformity grinding over the entire length 
the tube. However, for field use the rod readings are preferable 


| 
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and quite accurate, and the curvature thus determined represents 
more nearly the actual condition, compared with indoor measurements 
level trier. 

The bubble should retained almost constant length 
about half the length the ground portion the level tube. This 
makes the air chamber prime necessity. 

short bubble has sluggish movement even the most 
sensitive tubes. This caused the high friction along the glass 
compared the slight lifting power the small bubble. There 
danger from excessively long bubbles except the practical limit 
the graduation. 

According Reinhertz, level tube 10.8 seconds per division 


2mm. gave the mean error position bubble for different lengths 
bubble follows: 


Length bubble........ 4.9 13.3 22.2 28.9 divisions; 
Mean error position.... 1.0 0.5 seconds are. 


The sensitiveness best suited high-grade work between and 
seconds per 2-mm. division, ranging with the rigidity the instru- 
ment and tripod, the ground traveled over and the 
manipulation which the observer capable. The writer has found 
difficulty using 2-second level tube Buff and Berger Level 
No. 2768, even windy weather, with other shelter than large 
wagon umbrella. 

Temperature Effects Level Tubes.—The sensitiveness level 
changes with the temperature. Hence, all level readings, used 
such manner involve the value the level graduation, will 
have temperature correction which must determined previously, 
and the value graduation should expressed function 
temperature. illustrate this effect, the following figures are quoted 
from experiments Reinhertz: 


temperature, degrees Centigrade, —2.2° +9.0°+ 19.7° +27.7° 


The equation representing the value one division this level 


for any temperature within the observed range 8.2 seconds. 


Rapidly changing temperature causes much annoyance, and intro- 
duces uncertainty which prohibits the use sensitive levels, even 


rit 
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when shaded umbrella. The latter should always used 
precise level work. 


The length the bubble changes materially with the tempera- 


ture, and the rate change depends the sensitiveness the level. 
The Table No. taken from the above-named experiments, 
will illustrate this. The length the bubble thus inversely pro- 
portional the temperature. 


TABLE No. 


Value level per division. 
Seconds. 


TELESCOPE. 

brief description the telescope and its vital parts consid- 
ered necessary clear understanding many the points treated 
the following. 

The Laws the Lens.—The only forms lenses used tele- 
scopes for surveying purposes are the double convex and its special 
case plano-convex. 

The axis lens the line 
joining the centers curvature 
its two surfaces, and 
plano-convex lens the axis 
perpendicular the plane sur- 
face and passes through the 
center curvature the 
curved surface. 

The optic center lens 

the point, any ray passing 

through which suffers refraction. The only point satisfying this 
condition the optic axis, and divides the thickness the lens pro- 
portionally the radii curvature. Hence the simple construction 
Fig. for finding the optic center. 


Change per 
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The radii and are drawn parallel, and the optic center 
the intersection with The ray passes through the 
optic center and not bent refraction, while theray not 
through refracted, making Itis readily seen that 
plano-convex lens the optic center the curved surface the 
intersection with the optic axis. 

The focal length lens found following formulas 

For double convex lenses 


which the refractive index the glass, and and are the 
radii curvature the lens surfaces. 


The rays from any point object distant from the optic 
center lens, converge focus the opposite side the lens, 
forming image distance from the optic center, according 


the general law expressed 


Such pair points are called conjugate points, and all rays par- 
allel the optic axis ofa lens, passing through the optic center 
lens, are called principal rays. 


the above equation when giving ready means 
determining the focal length lens direct measurement. When 
varies between infinity and and the image always in- 
verted and demagnified, which the condition objective lens. 
For values between zero and becomes negative and the image 
magnified but not inverted, which the case magnifying lens 
eyepiece. 


When the position point object known with reference 
certain lens, the conjugate point image may found (Fig. 


q 
q i 
For plano-convex lenses 
i 
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drawing the two principal rays through this object; thus parallel 
the axis the lens and through the focus and through the 
optic center the lens. The intersection, produced and 
the image This construction can readily made when 
known, and applies well the case when negative. 

correct spherical aberration good lenses are generally made with 
slightly unequal curvature the two surfaces, and the flatter surface 
should face the object. 

The foregoing general principles will suffice make the construc- 
tion telescope understandable. 

The Telescope.—The telescope consists lens forming the ob- 
jective Fig. 10, mounted metal tube into which slides 
second metal tube carrying the eyepiece lenses and the reticule 
which latter must the focus the objective. 


TELESCOPE BUFF AND BERGER PRECISE LEVEL, 
Fie. 10. 


The eyepiece lenses are arranged that they may focused 
the threads the reticule, and both are made move together, 
rack and pinion motion, bring the reticule the focus the objec- 
tive. Thus the reticule made coincide with the inverted and 
demagnified image the objective and both are seen through 
the magnifying lens (or lens combination) the eyepiece. Hence, 
the image such telescope always inverted unless special set 
erecting lenses added the eyepiece, which not advisable owing 
loss distinctness and loss light caused thereby. 

The tube the eyepiece must slide the telescope tube without 
lateral play and straight line. insure this, the eyepiece slide 
should very nearly the full length the telescope and pressed 
against one side the telescope tube four springs placed 
pairs 120° apart. 


The entire telescope supported agate points cradle 


{ 
' 
(a) 
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against steel collars Cand exactly equal diameters, and rigidly 
connected with the tube the objective forming the body the 
telescope. The entire telescope can thus revolved about axis 
passing through the centers the two collars. This axis the axis 
the telescope axis collimation, and, perfect instrument, 
the optic centers all the lenses and the center the reticule should 
this axis. 

The line joining the optic centers the eyepiece and objective 
termed the optic axis. The line sight the line joining the optic 
center the objective with the center the reticule, and inde- 
pendent the position the eyepiece, and not coincident with the 
axis the telescope, unless made the maker and adjust- 
ment. The extent which this may accomplished will shown 
later. 

The objective consists double convex lens 
crown glass cemented plano-concave lens 
flint glass, supplying the very essential property achromatism. 
This combination may regarded double convex lens, for all 
practical purposes, and should have long focal length give 
the largest possible inverted image. The laws the simple lens 
apply also this combination. 

The diameter the objective governs the illuminating power 
the telescope, and for this reason the objective lens should large 
possible, consistent with other details construction. Neglecting 
loss light from obstructions the lens itself and color effect, the 
relative illuminating power telescope approximately repre- 


2 


and magnifying power the telescope diameters. The 
natural illumination taken unity. 

The eyepiece may consist single lens 
combination lenses. The single lens subject spherical and 
chromatic aberration, and is, therefore, inferior the combinations 
which are designed avoid either both these defects. The 
Ramsden eyepiece, consisting two plano-convex lenses with the 
convex surfaces toward each other, corrects spherical aberration, but 
not achromatic, while the Kellner and Steinheil combinations are 
both achromatic and free from aberration. 


| 
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The eyepiece simply magnifier the image formed the 
objective, and, such, does not influence the errors the telescope. 
Very bad mounting would interfere with the sharpness definition 
parts the field view and should avoided, the extent 
obtaining sharp definition. 

The focal length compound eyepiece expressed terms 
the focal lengths its respective lenses and the distance, between 
their optic centers, the following formula: 


The was invented William Gascoigne 1640, 
and consists ring interposed the eyepiece slide the telescope 
perpendicular the telescope axis. made adjustable horizon- 
tally and vertically four capstan screws, Four spider 
threads are mounted this ring, one vertical and three horizontal. 
The two extreme horizontal threads are used for distance determina- 
tions, and incidentally give means increasing the number 
readings eliminate errors estimation. They serve almost 
indispensable purpose avoiding misreadings. The intersection 
the mean horizontal and the vertical threads marks the aiming point 
the line sight for the eye-end the telescope. 

The interval between the extreme horizontal threads chosen 
that the intercept formed them vertical scale rod some 
even fraction the distance such rod from theinstrument. Owing 
the high magnifying power the eyepiece generally used pre- 
cise levels, this interval should such that the ratio between rod 
intercept and distance should not exceed the ratio and may 
still smaller, 1:500, though 1:200 does not approach the limits 
sharp definition the eyepiece, and yet very convenient for 
converting rod intervals into actual distance. Smaller ratios, 
course, give less accurate distance determinations. 

The actual horizontal distance, determined from the rod inter- 
cept, wire-interval, the well-known stadia formula, 


horizontal sights, 


which the stadia constant, preferably 200 for levels, the 
focal length the objective, and the distance from the center 
the instrument to.the optic center the objective. 
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Hence, for any number, successive settings instrument. 
the continuous distance for stretch levels would 


where the sum all back and fore sights the stretch, and 


iis the sum the thread distances, rod intercepts, for all 
back and fore sights. This formula seems complicated, but, prac- 
tice, its solution made very simple tabulating the function for 
values Jfrom 100. However, when exactly 200, condition 
which the maker can supply, then tabulation necessary. 

The Steel Collars.—These form very important feature the 
telescope, and, might inferred from what has already been said, 
the direction pointing the telescope depends the condition that 
these collars are exactly equal and that they remain equal. This con- 
dition never realized practice, but serious results need follow 
from this source, will shown later. 

Seme makers prefer make the collars bronze instead steel, 
but, with ordinary care, steel collars will not rust, and this their 
only objectionable feature, while bronze very subject corrosion, 
especially contact with grease oil, and, being generally quite 
soft, not nearly desirable high steel. 


Sources Error Precise LEVELING. 


Introductory. 


proposed here show the many sources error which the 
process leveling subject, and demonstrate methods determin- 
ing them when they are sufficiently constant make such determin- 
ation possible. 

readily seen, these errors are not all accidental nature, 
and some them not depend either the instrument the 
observer. 

The variations gravity different points and elevations the 
earth’s surface and the attraction the sun and moon are constant 
sources error, but these, while they may considered measurable 
and should enter into discussion this kind, are nevertheless 
minor importance the instrumental errors. These latter, will 
shown later, may eliminated and careful work, 
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leaving the most dangerous errors those which are caused rapidly 
changing temperature and atmospheric conditions. 

All the foregoing sources error have been classified manner 
appearing most logical and natural, and while much that said not 
new, yet great deal this work original and considered 
valuable throwing light many difficulties previously attributed 
erroneous causes. The writer has aimed discover, careful study 
and research, all the errors which the process leveling subject. 
Whether not this aim has been materialized remains for future 
investigation prove. 


Effect the Spheroidal Shape the Earth Long Level Lines. 


Force Gravity.—The direction the plumb line point 
the surface the resultant the force gravitation and the 
centrifugal force caused the earth’s rotation. Since the earth 
ellipsoid follows that both gravitation and centrifugal force change 
their relative values for different points the earth, and thus affect 
the resultant which governs the direction the plumb line. 


attraction which the earth exerts upon body its surface 
the sum the partial attractions which each part the earth 
exerts upon the body, and the resultant all these attractions may 
considered act from single point—the center. Hence, the earth 
were perfect sphere, given body would equally attracted any 
point the earth’s surface. The attraction would, however, vary 
with the height above the 

order compare the force gravity for different points and 
different elevations, should always corrected correspond sea 
level. 

Since the force gravity inversely proportional the square 
the distance from the earth’s center, and calling this force mean 
sea level, the force gravity elevation free air above sea 
level, and the radius the earth, then 

For point high plateau elevation above mean sea level, 
the force gravity affected the mass this plateau and becomes 


denotes the density the material the plateau, 6,, the 


Ganot’s Physics, 1883, Art. 82, 66. 
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mean density the earth, the effect produced the mass the 
plateau the point exclusive the attraction produced the 

The attraction the earth alone (using the same constant 


The ratio generally about the density the interior 
m 


earth about twice that the surface, hence 


But the force corrected for the elevation without regard the 
mass the plateau, would be, from Equation (1), 


found from Equations (3) and (4) 


applying the foregoing revolving ellipsoid like our earth, 
other theories are involved which are considered the following. 

The foregoing equations apply, strictly speaking, only sphere, 
but, within knowable limits, they also apply ellipsoid, pro- 
vided allowance made for the change direction the gravity 
forces resulting from the latter shape, which the forces longer 
intersect the center the mass, and, for general assumption 
regarding distribution mass, these forces cannot 
the surface the ellipsoid. 

Since, according the Kant-Laplace theory, the earth 
ellipsoid revolution, produced from fiuid semi-fluid mass, the 
influence attraction and centrifugal force, follows that the result- 
ant all the forces acting given point the earth’s surface 
must normal the surface the given point. 


*See Helmert, Geodesie, pp. 142 and 164. 
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The mass attraction the ellipsoid Fig. 11, point its 
surface, may resolved into two components and the former, 
being the larger component, directed toward the center the earth 


angular velocity. For latitude this force becomes 
=fcos This centrifugal force may also resolved into the com- 
ponent normal the surface and the tangential com- 
ponent cos sin the latter coinciding very nearly direction with 
The resultant the gravity and centrifugal forces will then 
which makes small angle with and the angle with the 
equator. other words, normal the ellipsoid and makes 
the angle the latitude with the equator. 

Hence, follows ‘that the force acceleration gravity, 


For latitude 45° this becomes 
substitution (6) for sin? cos and combining (6) 


and (7) then 


For any other point free air and elevation Equations (1) 


and for point high plateau elevation Equations (5) and (8) 
ive 


See Helmert, Héhere Geodesie, II, pp. 241 and 609. 
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Dynamic and Orthometric Heights the Earth’s Surface. -The 
elevation point above sea level, determined direct measure- 
ment vertical line, gives the orthometric height that point. 

The dynamic height this point represented the work re- 
quired raise unit mass through the height 

Since the force gravity varies different points meridional 
plane, represented Equations (9) and (10), follows that the 
amount work required raise unit mass through the orthometric 
height different points meridian, will vary inversely the 
force gravity these points. Calling the forces gravity 
for two points the ellipsoid latitudes and ¢,, respectively, 
and and the orthometric heights corresponding equal dynamic 
effects the two points, respectively, then the following relations 
must exist 


Now, from Equation (10), 


from which 


Calling the mean latitude between the two places and the 
meridional distance difference latitude measured kilometers, 
then 


generally very small angle and its cosine nearly equal one. 


Hence 


which mean elevation the two points above sea level. 


The factor (see Fig. 12) then becomes equal the projected area 
the elevation plateau (upon which the two points and are 


q 
quam 
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situated) upon middle meridional plane. Calling this area 
and substituting for 0.00265 and 370 000 Equation 


(13), then (14) 


millimeters. 

Equation (14) then represents the orthometric error produced 
the dynamic effect ofthe earth the plumb line passing between 
points and mean level above sea level. will seen 
that this error confined meridional distance alone, since section 
the earth parallel the equator always circle and accordingly 
the force gravity constant for given latitude. This would 
true for any imaginary sea level above the present level. 


Oonsidering (Fig. 12) the present sea level, and then sup- 
posing that this level were raised spheroidal surface 
the case ofa flood, the following conditions will found exist: 

From Equations (8) and (11) seen that equal dynamic heights 
the points (equator), (for 45°) and (at pole), will bear 


Hence such new water level would not form concentric curve 
with the present spheroid, but would have the shape indicated Fig. 
12. This leads the following conclusion regards the gravity 

effect absolute elevations referred mean 
readily understood that line precise levels run along the 
earth’s surface meridian, and sea level, from the equator the 
pole, the closure with sea level the pole would zero. Butif 
return line were run from the pole the equator, taking the path indi- 
cated the line (Fig. 12), and then closing back the point 
the complete loop, even free from all error, would close with 
spheroidal error 99.735 100.265 0.530 
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similar manner Equation (14) then represents the error intro- 
duced gravity into any line levels run between points latitudes 
represents the projected area level profile upon middle 
meridional plane, taking the mean sea level for the axis ordinates. 
Also, represents the gravity error, and for point north the 
starting point this error positive additive the elevation the 
point give true sea level. 


The error negative for point 
south from the starting point. 


While the above derivation not rigid and the resulting Equation 
(14) only approximate, believed that the accuracy attained 
its use quite within practical limits. 

should noted that the local deflection the plumb line 


might caused mountain, when leveling one side, not 
considered the foregoing. 


Disturbing Influence Differential Attraction the Sun and Moon 
the Direction Gravity, and Its Effect Spirit Leveling. 


The discussion this subject abstracted from the Report the 
Coast and Geodetic Survey, 1887, 196, from the article the above 
title Charles Schott, Assistant. 

The following formulas for the disturbance direction gravity 
the action the sun moon result the diurnal variations 
position these luminaries with respect any point the earth’s 
surface, were the result investigation Dr. Helmert*: 


Let Mass the sun moon; 
Mass the earth; 
Horizontal parallax the luminary; 
Zenith distance the luminary; 
Azimuth the luminary counting from south around 
west; 
Azimuth the level line counting from south around 
The disturbing effect the direction gravity; 


sin* 


Geodesie, Vol. Chapters and Leipzig, 1880-84. 
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and the southerly deviation the disturbed zenith will 

and the westerly deviation will 

consequence the disturbed direction gravity, the position 
the level surface any point the earth will changed, and this 
will affect the pointing level. 

If, for instance, level line run southwesterly direction the 
fore sights will depressed consequence the disturbed vertical 
the angle 

and the correction the rod readings will the fore sight 
and the back sight. Hence, the correction difference ele- 
vation will 

Introducing numerical values the above expression for the 
maximum effect for the moon becomes 0.000 000 083 
arc, and for the sun 0.000 000 043 are. Thus, for 
any one instrumental setting this effect altogether insensible, but 
may become sensible accumulation extended lines levels. 

Let supposed that the sun and moon are the equator, have 
zero declination, and that the leveling done the northern hemi- 
sphere, then the expression (2) the first quadrant will accom- 
panied the first fourth quadrant, and the second 
quadrant will accompanied the second third quadrant. 
Hence, leveling from north south, for this expression 
will always positive, whereas for east and west line 90°) 
change sign may take place and compensation will, some extent, 
diminish the effect under consideration. The circumstance that the 
luminaries assume different declinations does not, the main, alter 
the general effect. 

For level lines north and south direction there will remain some 
average effect the resulting difference elevation which cannot 
eliminated repetition lines. However, for east and west 
line the lunar effect may eliminated and the solar effect con- 
siderably diminished. The actual effect line may not exceed 
two-thirds the maximum value and will generally less than one-half 
the same. 
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line levels, 100 km. long, running due south, might incur 
maximum producible error from the moon mm., though the 
actual error would probably not exceed mm. The sun alone 
would produce about half much that estimated for the moon. 

For duplicate (direct and reverse) line levels, 000 km. long, 
east and west direction, during the summer months, running 
forenoons always westerly and afternoons always easterly, Dr. Hel- 
mert estimates that the results the two levelings may differ, con- 
sequence differential solar attraction, much mm., 
although the mean result would not affected. 

Whether not such effect could demonstrated with the 
present instruments seems somewhat doubtful, would 
appear that small error 0.08 mm. per kilometer would en- 
tirely concealed the existing probable uncertainties leveling. 

However, the following observations made the writer 1898-99, 
while running duplicate line precise levels along the St. Lawrence 
River, show something this kind. 

The general direction the line was from northeast southwest, 
over distance about 207 km., run 167 separate stretches, during 
August, September, October and November, 1898, and May, 1899. 

Table No. shows the number closures each sign for the four 
combinations direct and reverse lines run forenoons and afternoons. 


TABLE No. 


Percentage minus. 74% plus. minus. 85% plus. 


the 167 stretches, closed with plus error and with minus 
error, showing that this effect was practically eliminated the entire 
work properly dividing the work between forenoons and after- 
noons. This division was follows: direct lines run m.; direct 


lines run M.; reverse lines run M.; and reverse lines run 
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The stretches tabulated the third and fourth combination 
which direct and reverse lines were run the same half the day 
vitiate some extent the law sought, because there depends 
which one pair lines was run first. As, for instance, the 
lines run direct and reverse the forenoon, were run direct 


the earlier part the forenoon, and were run reverse the earlier 
part, then there should equal number errors each 
sign. would apply lines run both directions the 
afternoon. 

Again, the work done weather, which generally prevailed, 
involves much larger accidental error than found work done 
cloudy days, and this again vitiates the distinct manifestation 
definite law. However, the general result the first and second 
combination Table No. exhibits fair indication the effect 
here considered. 

Hence, might concluded that, for east and west line, this 
error can eliminated dividing the work equally between the two 
halves the day, while for north and south line the error would not 
manifested the work, although might exist the same extent. 

However, quite likely that this merely seeming detection 
errors from the source here considered, and that the real error 
one due temperature, discussed further on. 


Errors the Level Tube. 


Parallelism the Level Tube with the Vertical Plane through the 
Telescope Axis.—When the level tube not parallel the vertical 
plane through the telescope axis slight lateral tilting the striding 
level will cause the bubble run one end the tube, and this 
would introduce error pointing unless the level tube were always 
placed with its axis horizontal plane, which impracticable. 
There must always slight play laterally permit readily 
removing the tube from its supports and reversing it. However, the 
play necessary for this purpose very small. 

Parallelism the level tube with the vertical plane through the 
telescope axis can readily established adjustment with the hori- 
zontal adjusting screw, and should continued until lateral tilt 
the level tube longer displaces the bubble. This adjustment 
called the lateral adjustment the level tube and not likely 
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change much well-constructed instrument, but the adjustment 
should tested occasionally. very important that should 
free from error this kind, because the observations cannot 
made eliminate such errors, and one the few instances 
which the accuracy the work depends absolutely the adjustment 
the instrument. 

The Horizontality the Level Tube.—This indicated the po- 
sition the bubble with respect the graduation the glass tube 
the spirit level. This graduation may continuous from one end 
the tube the other, may extend from the center the tube 
toward its ends, which latter style generally more convenient, al- 
though the first always identifies the end the tube read. Still, this 
quite unnecessary, since the bubble ends can identified other 
ways, and readings taken from the center outward require reduction, 
and are, therefore, preferable. 

The striding level, which should always accompany precise level- 
ing instrument (see Fig. 7), arranged that may read either 
direct reversed position, and the construction permits ad- 
justing the inclination the level tube the points support 
the telescope collars. This may done clamping the instrument, 
after has been made approximately level the small spirit levels, 
and then reading the striding level its direct and reversed position. 
One-half the discrepancy thus obtained then taken the verti- 
cal adjusting screw the chamber end, and the other half corrected 
the micrometer the wye-cradle. This operation should re- 
peated until the bubble the center for both direct and re- 
versed positions. When this has been accomplished, the level tube 
parallel the axis the telescope, the lateral adjustment having 
first been made and the telescope collars being exactly equal. The 
effect unequal collars will treated later. 

While this adjustment would generally eliminate the error 
horizontality the level tube, found that very sensitive level 
tube will hold this adjustment very long, and often happens that 
the first two three reversals may show perfect adjustment, 
and fourth reversal may indicate considerable error. The con- 
verse also frequently occurs, especially the adjustment tested 
soon after removing the level from the box. 

Many disturbances the level tube will caused fine particles 


% 
} 
18 
q 
3 


MOLITOR PRECISE SPIRIT LEVELING. [Papers. 


grit the telescope collars, sudden changes temperature and 
wind, cooling effect rain drops, should any fall the level, and 
passing clouds which change the direct and reflected rays from the 
sun. All these are ever present affect the horizontal adjustment 
the level tube, and altogether out the question place any 
quality and fineness the instrument; the contrary, the more 
sensitive the level the more readily will its adjustment affected, 
and this detriment, many have claimed, but positive 
safeguard, and keeps the observer constantly informed all dele- 
terious influences that may exist. 

The effects temperature and length bubble have already been 
discussed. Suffice say here that the variations curvature 
level tube from temperature effect vitiates the use the level for any 
measurements which the value this curvature involved, while 
does not any way affect the utility the level the determina- 
tion the horizontal when the bubble always brought the center. 
This one the prime reasons why the older method reading the 
bubble any position was less accurate than the method taking 
readings with the bubble the center. 

follows, then, that reliance should placed the capa- 
‘bility level tube for holding its horizontal adjustment, and hence 
there possibility measuring this error and applying correc- 
tion therefor the observations. The only rational elimination 
this error can accomplished taking observations for each sight 
with the level tube direct and reversed. The mean such pair 
sights, taken quick succession, always eliminates the bubble error, 
whatever its amount may be. Hence, the observer need only keep the 
level adjustment within reasonably small limits, and carefully avoid 
dust between the contact points the level tube and the telescope 
collars; then, repeated pointings, with level tube direct and reversed, 
will always eliminate the bubble error. 

The Parallax between the Reflected Images the Bubble and the 
Level Tube Graduation.—This, seen the mirror, constitutes 
error level pointings which apparent from the diagram, Fig. 13. 

The bubble shown the center the level tube and reading 
each end, seen the mirror while the image 
the graduation seen projected upona different plane, thus giving 


ing 
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rise parallactic error. the diagram, the mirror image would 
show the eye end the bubble 14.1 divisions and the object end 
15.7 divisions from the center graduation. The mean error due 
parallax would then 0.8 division. 

Thus, while there may considerable error the apparent posi- 
tion the bubble seen the mirror, this error remains constant 
long the inclination the mirror remains the same and the eye 
always the same position. Both these requirements are practi- 
fulfilled. Hence, back sights and fore sights are equal, this error 
eliminated. this difficulty which solved such compli- 
cated manner the prismatic combination attached the French 
precise level, Fig. Plate XXXV, without any urgent necessity. 


SKETCH SHOWING ERROR PARALLAX 
BETWEEN IMAGE BUBBLE AND ITS 
GRADUATION SEEN MIRROR. 


13. 


With little study the diagram, Fig. 13, readily seen that 
for constant position the eye, certain inclination the mirror 
will make the parallax the bubble ends equal and opposite, thus 
affecting only the apparent length the bubble, seen the mirror, 
but not its horizontalism. This angle readily found, and small 
set-screws provided the mirror mirror-frame will limit the 
motion the mirror the desired angle (see Fig. The eye can, 
with little practice, placed near enough the same position 
reduce this error, due parallax, insignificance, and thus make 
the mirror the simplest and best device for viewing the bubble while 
taking the rod reading. With little practice the observer can learn 
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observe both the rod and the bubble simultaneously, advantage 
which cannot overestimated. 

Another feature favor the mirror, applied high-grade 
levels, that the less the curvature level tube, the less will the 
error due parallax, supposing that the mirror not adjusted. 
Thus, suppose the parallax for given case amount 0.5 bubble 
division, then the level have curvature seconds per division 
this would cause error seconds pointing, while for 2-second 
level tube the error pointing would only second. 
poorly adjusted mirror might prove serious common coarse level, 
while very sensitive level the error might inappreciable. 

The Error Pointing.—As the sensitiveness the 
level, this important question precise leveling, and many are 
the opinion that the accuracy work attained with level 
seconds curvature equal superior that attainable with 
2-second level. However, not sustained practice 
theory, and largely the result prejudice and lack experience 
the part the person holding such views. 

illustration the relation between curvature and error point- 
level tubesis given the experiments Reinherz Table No. 
which the length one division the This 
applies large number readings, while single reading may 
readily error 0.1 division. 


TABLE No. 
MEAN ERROR 
tube. 
centering bubble. reading bubble. 


From these figures seen that the accuracy attainable center- 
ing the bubble far greater than that attainable reading the bubble 
any position and making the reduction the center. This again 
proves the desirability observing always with the bubble the 
center, preference reading the bubble and reducing the center. 
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Accordingly, for a9-second level, the mean error centering would 
affect rod reading for distance 100 0.5 mm. which 
greater than the permissible error closure for stretch 100 
For level tube 2.7 seconds curvature, the mean error for the same 
length shot would which about equal the error 
estimation. Hence, while the coarser level might enable one 
close stretch with comparatively small error closure, such fact 
would only indicate accidental compensation errors, but would 
not measure the excellence work equally producible with 
such coarse level. With the finer level, accidental cumulation 
errors might cause comparatively wide closure given stretch, 
but this would then the most unfavorable result possible and 
would probably still remain within the assigned limits for good work. 

The length the bubble also factor the accuracy point- 
ing, was previously shown, and should considered this con- 
nection. Ashort bubble creepsvery slowly and does not indicate the 
slight and sudden changes which immediately start bubble. 
similar effect produced certain conditions damp, cold weather 
and levels about seconds curvature and over. very sensitive 
level can forced the center the micrometer and reading may 
taken once, while coarser level the bubble must allowed 
sufficient time stop creeping before the reading can taken. Hence 
wind and other disturbing influences produce comparatively more an- 
noyance when working with coarse level. 


Errors PERTAINING THE TELESCOPE. 


The Reticule Error.—In properly adjusted level, the reticule 
should sharply seen through the eyepiece. There should 
blurred effect any point the threads within the field distinct 
vision, and the threads should show parallax when the eye 
moved slowly and down front the eyepiece. When the eye- 
piece lenses and the reticule are all perpendicular the telescope 
axis, there will difficulty preventing all errors from this 
source properly focusing the eyepiece the threads the 
reticule. 

When the horizontal threads the reticule are not absolutely 
horizontal, the readings taken different points these threads may 
differ materially, and, prevent errors from this source, the hori- 
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zontal threads must always read exactly the intersection points 
with the vertical thread. additional safeguard, the horizontal- 
ity the threads should made adjustable simple adjustable 
stop device check the movement the telescope its cradle 
exactly the desired horizontal position when the telescope moved 
azimuth. This adjustment, properly made for the normal and 
inverted position the telescope, will prevent all errors from lack 
horizontality the threads. 

The thread interval should small possible and yet permit 
making distance determinations with accuracy least one 
athousand. Fora magnifying power diameters thread interval 
200 will satisfy this requirement. When threads are widely 
separated, they will not permit sharp focusing all threads 
simultaneously, and the widely divergent rays will traverse strata 
air different temperature, density and humidity. Many serious 
errors may result from slightly excessive thread interval. 

The thread interval not absolutely constant, and, strictly speak- 
ing, dependent the temperature the reticule frame. the 
reticule brass, the distance determination should reduced 
standard temperature using the coefficient expansion for brass. 
However, the distance determination need only relative between 
back and fore sights, and, the change temperature would not 
sufficiently great affect this relation, may neglected. 
valuable, however, making repeated determinations the value 
certain thread interval, note the different results for different 
temperatures. 

The most serious error connection with the reticule its 
tion with reference the axis the telescope. The level tube the 
starting point which the direction the telescope must referred. 
Hence, the center the reticule (formed the intersection the 
mean horizontal thread with the vertical thread) should the 
axis the telescope, axis collimation, which can accom- 
plished adjustment the reticule, provided the optic center 
the objective lens also this axis, condition which rarely ever 
fulfilled the maker. Since the objective fixed the telescope 
tube adjustment possible, hence what ordinarily called colli- 
mation adjustment does not generally accomplish the object implied 
this term. were possible bring the line sight into coin- 
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cidence with the telescope axis, detined the centers the collars, 
adjustment the reticule alone, then the commonly applied term 
would correct, but this not being the 
case better adopt the more precise term thread reticule 
adjustment,” which will used the following. 

When the line sight does not concide with the telescope axis, 
then the former inclined the position indicated the bubble, 
and the error resulting from such inclination can only eliminated 
repeated readings taken with the telescope normal and inverted, 
always keeping the bubble the center. This true whether not 
the collars the telescope are equal. 

The reticule might adjusted that for certain length sight 
the readings the middle thread would the same for telescope 
normal and inverted, but this adjustment would not hold good for any 
other length sight unless the optic center the objective lens 
the axis the telescope. Hence, the thread adjustment alone will 
not generally eliminate errors collimation, but repeated readings 
normal and inverted positions the telescope will effectually eliminate 
collimation errors whatever magnitude. 

With this method very good line levels can run reading 
only one the extreme threads; the mean the two readings will 
always agree closely with the mean the mean thread readings. This 
subject will more clearly represented the following connection 
with the mounting the lenses. 

closing this subject should noted that the thickness the 
telemeter threads very important matter the attainable accuracy 
readings long distances. The threads should the pos- 
sible, otherwise the length sight must limited suit the quality 
the threads. 

Errors Due Defective Mounting the Lenses.—As has been stated 
previously, slight eccentricity the mounting the eyepiece lenses 
produces the line sight, though changes the 
optical axis the telescope. the eccentricity bad, the axis 
the lens not the line sight, the definition may poor, 
and thus affect the the extreme threads, even prevent 
obtaining sharp image simultaneously all threads. This then 
serious defect which must remedied the maker. 

Displacements the objective lens are far more serious, and affect 
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the line sight the amount such displacement. The line 
sight not affected oblique mounting the objective, but this 
fault will interfere with the definition, the case eyepiece 
obliquity. 

Any lateral displacements the eyepiece objective may 
readily discovered focusing distinct object and then care- 
fully revolving the telescope its horizontal axis. The image and 
the threads (even when the thread adjustment perfect) will appear 
move the circle about the axis the telescope. 

easily seen that for with laterally displaced object- 
ive, the thread adjustment when performed does not bring the line 
sight into coincidence with the axis the telescope (collimation axis). 
When the center the reticule adjusted that coincides with 
for both normal and inverted positions the telescope then 
the center the reticule, the optic center the objective and the 
object sighted are straight line called the line sight, but 
this line neither parallel nor coincident with the telescope axis 
except when the thread adjustment was performed for object 
infinite distance and the optic center the objective the axis 
the telescope. Hence, for thread adjustment object 
finite distance, and the objective not truly mounted, the line 
sight will inclined the telescope axis angle expressed 
seconds the formula, 

which the lateral displacement the optic center the object- 
ive from the axis the telescope. Thus, for displacement 1mm. 
and thread adjustment performed for the usual distance 
the inclination becomes 4.1 seconds 0.02 mm. per meter 
distance. 

While this displacement generally quite small, yet the effect 
produced thereby the line sight should not 

This error should eliminated the observations the man- 
ner indicated for thread errors, viz.: reading with telescope normal 
and inverted. 

Movement the Eyepiece frequently very defect- 
ive, even high-grade levels, and constitutes serious detriment 
any instrument, because any obliquity motion the eyepiece with 


4 
| 
q 
4 
j 
| 


Papers.] MOLITOR PRECISE SPIRIT LEVELING. 829 


respect the line sight affects the thread adjustment, since the 
reticule moves with the eyepiece. The same difficulty encountered 
with telescopes which the objective made slide, Fig. 
Plate XXXVI. 

When the sliding tube (be eyepiece objective) short, its 
motion may very irregular, circumstance rendering the telescope 
almost worthless for precise work. The sliding tube should 
long permissible the telescope tube, and all lateral motion 
should prevented spring pressure, shown Fig. 10. With 
such arrangement the direction motion will line 
even does not coincide with the axis the telescope, and the 
repetition readings normal and inverted positions the telescope 
will again eliminate any error caused the thread adjustment 
result inclined motion the eyepiece objective. 

method for determining the regularity the eyepiece move- 


ments will given under the head instrument constants. 
POSITION POSITION 


Fie. 

Error Resulting from Inequality the Telescope Collars.—Any 
existing inclination the line sight, not explained the foregoing, 
and inherent the instrument itself, must caused unequal 
telescope collars. The commonly accepted method determining 
the inequality will briefly given, while further use will made 
this method, owing its many imperfections, which will 
presently demonstrated. 

The common method determining the inequality the collars 
illustrated Fig. 14, and the operation consists setting the 
instrument rigid stone pier, and, after leveling carefully, the 
limb the instrument tightly clamped and the bubble read for 
the telescope pointing direct, Fig. The level and the tele- 
scope are then reversed together the cradle supports, Fig. 
taking care not jar the instrument. When the bubble has 
become quiet second reading taken. This constitutes one deter- 


indicated the following example, where the bubble 


read from the center: 
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The figure shows that the angular inclination measured the two 
positions the bubble (whether adjustment not) four times 
the angle between the axis the collar and the elements the cone 
enveloping the collars. The line represents the position the 
cradle supports, which remains constant during the experiment, and 
Position makes the upper element the cone horizontal, least 
with the bubble the center, while Position the bubble indicates 
displacement toward the larger collar equal four times the error 
axial pointing the telescope twice the collar inequality. 


Position Position 
Bubble readings: Bubble readings: 
right-hand end. left-hand end. right-hand end. left-hand end. 
16.5 13.1 20.1 


center bubble 


The value one division the bubble being 0.875 
6.5 5.688 seconds. The mean twenty observations gave 
5.90 seconds 0.0276 mm. per meter. 

This method assumes that the collars are perfectly circular, that 
the level tube actually indicates the direction the topmost element 
the enveloping cone the collars, and that the points contact 
between each collar, the level tube and the cradle supports, are the 
are the same circle; assumption which rarely true new in- 
strument and never true old one. The extent which the 
foregoing determination erroneous will now shown. 

The telescope does not rest the lowest element the collars, but 
the points Fig. 15a, because the two collars penetrate the angu- 
lar aperture the forked cradle supports unequally. Hence, the 
level tube pointing does not involve the true inclination the upper 
elements the cone formed the collars, with respect the points 
support The same true the contact points between the 
level tube and the collars, Fig. 15d. 

would generally assumed that this error beyond the limits 
measurement for the slight inequality usually existing between the 
collars, and could, therefore, neglected. The case, however, 
demands investigation: 
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Using the dimensions indicated Fig. 15a, and calling 
correction for collar inequality previously determined the 
common method, the actual inclination the telescope axis result- 
ing from collar inequality, and the vertical distance between and 
then the following approximate relations may used determine 


wandt: 

sin cos 


and 


Thus, for the Buff and Berger Level, No. 2768, 0.0276 mm. per 
meter, and 90°; hence, substituting and solving, 0.0268 
and 0.0544 mm. per meter. 


(a) 


15. 


making allowance for the fact that the determination 
the ordinary method, this quantity involved four times the 
reversal the telescope the cradle supports, while only 
twice, the inclination for telescope axis resulting from inequality 
collars should 0.0812 mm. per meter. 

The effect the collar inequality the contact points the 
level tube opposite that produced the cradle supports, and 
eliminated when the level tube read always the same position 
relatively the telescope. However, when the level tube read 
direct and reverse the actual inclination the telescope axis 


smaller than the above value the amount found from Fig. 


similar process reasoning applied Fig. 15a, 
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subtracted from the last corrected value, gives the final resulting 
inclination 0.0812 0.0134 0.0678 mm. per meter. 
This all based the assumption that the collars are perfectly 
circular, and that the four contact points each telescope collar are 
plane, normal the telescope axis, all which not generally 
true. The worthlessness the common method finding the collar 
inequality thus made apparent. 
readily seen that the axial inclination the telescope, result- 
ing from collar inequality, measured the position the level 
tube with respect the collars, but bears relation the cradle 
supports except when the latter become involved some method 
the above, which worthless because this fact. Hence, the 
wear the collars cannot determined any manner involving the 
contact the cradle supports. Also, the accuracy required the 
determination beyond limits calibration. add this 
culty, the cradle supports are never the same planes with the level 
tube contacts the respective collars, that this question must 
solved another method. 
The resultant axial inclination from unequal collars may made 
constant confining the wear the collars the cradle supports 
special path each collar and never revolving the telescope its 
axis without first removing the striding level, the wear between 
the level and collars practically impossible and independent 
the cradle supports. The relation between the telescope axis and the 
striding level then remains constant, and any wear caused the con- 
tinual revolving the telescope, whatever its amount, does not affect 
the telescope pointing indicated the level tube. All this done 
simply making the distance between the cradle supports different 
from that between the forked ends the striding level, supply- 
ing two pairs collars, one for the cradle contact and the other for 
the level tube. This exactly contradiction past practice, 
because the axial inclination still existing, while would thus remain 
practically constant, appeared indeterminate any method direct 
measurement with the bubble. 
very simple and extremely accurate method determining the 
real inclination between the telescope axis and the striding level, 
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devised the writer, and considered most satisfactory solu- 
tion this and number other uncertainties connected with the 
level, will given under the head instrument constants. 

The complexity the axial error resulting from collar inequality 
made apparent the foregoing considerations, and the disparity 
shown exist between the actual conditions and the commonly 
accepted method determining the inequality telescope collars 
quite sufficient explain many the constant errors frequently 
encountered leveling operations and attributed great variety 
causes, principally personal equation and settlement heaving 
instrument rods. This error may, however, eliminated 
strict equalization back and fore sights, and hence becomes 
quite insignificant when the nature the error properly under- 
stood. 


Errors Pertaining the Level Rods. 


The Error generally receives little consid- 
eration further than prevent excessive inclination the rods 
using watchglass levels, which are frequently adjusted. However, the 
subject demands very careful attention. 

for some reason the rod levels are out adjustment and the 
are not held plumb, all readings become too large, and this would 
produce errors when working over inclined ground. Such errors are 
somewhat constant nature and may work serious harm, hence the 
importance frequent and careful tests the rod adjustment. 

The Errors Temperature and Graduation.—These errors, though 
widely different cause, are conveniently considered together, since 
both may corrected one operation. 

Generally, the temperature effect constant change per degree 
temperature within the limits during which work should con- 
ducted. The same true errors graduation, which are generally 
proportioned the distance measured the rod. 

There are cases, however, where neither the temperature nor the 
graduation correction are constant, and for such rods the true length 
for each portion the rod must measured with correct standard 
for all working temperatures, these values being then tabulated for 
use. This the French system, wherein the rods are purposely 
graduated irregularly prevent the observer from knowing what his 
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closures are until the rod lengths have all been reduced and corrected. 
is, doubt, better policy simplify this matter uniform 
graduation and place little more confidence the integrity the 
observer. 

The combined graduation and temperature correction may 
applied one two ways: determining, frequent comparison 
with standard measure, the law for the length the rod terms 
the standard and temperature, direct comparisons with steel 
tape known length. 

The latter method preferable because steel tape not affected 
humidity and gradual changes from seasoning the case with 
wood. The law the length the steel tape once determined may 
used almost indefinitely, while the rods are continually undergoing 
changes. The coefficient expansion for pine about 0.000004 per 
degree Centigrade, and the maximum changes from humidity may 
amount 0.3 mm. per meter the course whole summer. 

The necessary thermometers and steel scale have already been 
described, and will sufficient here show only the method 
correcting this error. 

The general formula for the length metallic scale 
pansion, and the temperature degrees above the normal. 

The corrections for one meter the tape are computed, for every 
degree temperature, and these corrections are then tabulated for use. 

The temperature and the measured length one meter each 
rod are recorded the beginning and end each stretch, and the 
average taken represent the mean rod length for the stretch. 
The tape correction for the mean temperature then this 
rod length, and the difference elevation accordingly corrected. 
When the rods are very nearly alike, they should be, and always 
alternate regular order, this method will prove very satisfactory 
and not all complicated. 

The past practice applying constant rod correction for whole 
season’s work not scientific admissible. The correction should 
determined the field direct tape comparisons and applied 
stretches. 

The Error Estimation.—The smallest, unit, graduation 
generally used precise level rods the centimeter, though asmaller 
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unit very necessary. Rod readings should accurate the 
telescope pointings, which would necessitate the possibility esti- 
mating with accuracy 0.1mm. distance 100m. This 
could attainable only with graduations 2mm. All this 
the assumption that the individual rod readings should the 
same accuracy, excellence, indicated the closure stretch 
levels, which not generally true because the error estimation 
compensating error and may large individual shots and finally 
become zero for long stretch. This actually verified practice. 

However, frequently happens that stretch only long, 
and unless single pair sights can taken with accuracy 
0.1 mm. less, such stretch could not closed with the desired 
exactness except many repetitions readings. 

show the relative value and accuracy rod readings under 
various conditions will necessary analyze the effect produced 
the appearance the rod the distance which the rod placed 
from the instrument, and the position the thread the unit 
graduation. 

The apparent magnitude the unit rod graduation (generally 


unit rod graduation millimeters, the magnifying power the 
telescope and the length shot meters. The constant represents 
the distance, meters, which object would appear full size 
the normal, naked eye. 


Table No. gives the apparent magnitude unit rod graduations 
for different lengths shot and magnifying power diameters, 
obtained from the foregoing formula. 


TABLE No. 
| 


The apparent thickness good reticule threads will 0.1 mm., 


less, and this would enable the observer estimate least one- 
fourth the 2-mm. graduation 100 m., which, combined with the 
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error pointing, would bring the total error single reading just 
within the assigned limits high-grade work. 

estimate only the nearest millimeter 10-mm. graduation 
would quite out the question for shot which shorter than 
m., though this would already exceed the allowable limit. For the 
5-mm. graduation the desired accuracy could still attained 
20-m. shot, and for 2-mm. graduation could expected for 10-m. 
shot. When the respective shots are smaller than those just men- 
tioned, the apparent magnitude the various unit graduations 
becomes too large permit accurate estimations. Hence, the 2-mm. 
graduation the best suited permit readings within the required 
accuracy for all shots between and 100 

the comparative accuracy estimating tenths division, 
the following considerations are offered: The 0.5 middle point 
space can ascertained with the greatest accuracy, while the one- 
third two-thirds points are more difficult estimate. The quarter 
points are quite indefinite. This circumstance very important 
factor the science estimating, which often lost sight of. All 
estimations should based the half, third and quarter points, the 
tenths are practically guesses, otherwise determined. 

According some experiments made Krummer,* the error 
estimating the individual tenths, calling the error the 0.5 point 
unity, follows: 


This again points the desirability estimating the smallest 
possible unit order that the error estimation may become insig- 
nificant. 

Another circumstance affecting the accuracy estimation found 
the ever-changing illumination, and the definition the telescope, 
which latter depends largely the quality the illumination. 

The difficulty estimating 10-mm. graduations with accuracy 
commensurate with high-grade leveling thus clearly shown, and the 
advisability adopting 2-mm. graduation, suggested the de- 
sign leveling rod proposed the writer, made apparent. 

fiir Verm., 1897, 261. 
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Miscellaneous Errors. 


Errors Reading and Recording.—Misreadings may frequently 
occur, especially inexperienced observers, and sometimes happens 
that the recorder notes reading erroneously. However, with experi- 
enced men errors this class are very rare, though the possibility 
introducing them into the work should reduced minimum. 

Various precautions are used prevent such errors, even when 
made, from creeping into the work. Some these are quite effective, 
and the system adopted the writer may regarded almost abso- 
lute protection against errors both kinds. least, stretch ever 
failed close, result such errors. 

prevent misreadings, the system reading three horizontal 
threads was introduced many years ago, and still valuable check, 
though frequently happens that the erroneous reading cannot 
identified except when the back and fore sights are known have 
been made nearly equal. Also, short sights, where the decimeter 
the same for the three threads, may happen that all three readings 
are read wrong decimeter. this method does not afford 
sufficient assurance the prevention misreadings, and further 
precaution necessary. 

The French system, formerly used, was for the observer take the 
first set readings and then have them repeated independently the 
recorder, and both sets checked, the work was accepted, otherwise 
the process was repeated. However, this slow and unsatisfactory, 
because the two persons would generally estimate differently the 
rod, and thus introduce element doubt and divided responsibility. 

will appear later, the method observing, adopted and used 
the writer, necessitates two pairs readings eliminate instru- 
mental errors, and incidentally this affords almost infallible check, 
the two sets sights are independently and separately taken. 
When, addition all this, the observer trains himself not re- 
member any figures readings, which the only true scientific 
manner observing, the same errors are not repeated and there 
remains little opportunity for error passing undetected the 
recorder. 

also bad practice, generally followed, have the recorder 
repeat back the readings called off the observer. was found that 
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this both annoying and time-consuming and tends create confu- 
sion and introduce errors rather than Absolute quiet 
should reign about the instrument when observations are being taken. 
talking should done except the observer, and should con- 
fine himself only such utterances are recorded the notes. 
When set readings completed the recorder signifies their cor- 
rectness before the instrument carried forward, otherwise any exist- 
ing disparity must first reconciled. 

This system checks the correctness both the recording and 
reading, and the order entering the readings (as will seen later) 
such afford very ready comparison those readings which 
ought correspond. 

Heaving Settling the Instrument Rods.—This has often been 
cited the cause constant errors, but this explanation was usually 
offered want something better. 

There doubt that disturbances this kind take place occa- 
sionally when working over soft, frozen ground, but, when 
this the case, the bubble never fails show the danger, and the ob- 
server must then his guard. 

The turning point pins, Fig. when well driven, are scarcely 
susceptible any heaving settling sufficient magnitude 
readable with instrument, even very short range. When the 
instrument affected hardly possible that the three legs the 
tripod will move alike, and then the bubble will certainly indicate 
the disturbance long before has attained measurable magnitude. 

This subject, therefore, disappears into insignificance, especially 
when the nature the constant errors, frequently met, more fully 
explained. 

Air Vibrations and Refraction.—The former are caused 
complex refraction the line sight passing through the air 
while undergoing mixing process agitation produced 
the heat effect the sun. Air vibrations become maximum 
shortly after noon while the earth absorbs heat, and are most rapid 
and greatest amplitude for clear, quiet days with high humidity. 
They cease when the sun has declined the point where the earth 
longer takes heat and again appear the coolness the late after- 
noon, when the earth begins radiate the heat absorbed during the day. 
These vibrations are diminished during the time when the sun shut 
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off passing clouds and are entirely checked when the cloudiness 
sufficient duration. 

Refraction, the ordinary sense the word, slowly changing 
deflection the line sight passing obliquely through the 
concentric air strata surrounding the earth. This form refraction 
changes most rapidly sunrise and sunset, and practically 
constant noon. Since changes slowly and with some degree 
regularity, and noticeable only comparatively long sights (500 
more) little appreciable effect produced thereby level 
readings unless considerable time elapses between taking back and 
fore sight readings late the day. Constant refraction would 
introduce errors, would affect back and fore sights equally. 

The air vibrations can always avoided sufficiently reducing 
the length sight, but when good readings cannot taken 
the work should suspended. Generally, the heat effect such 
that good work impossible long before this condition reached. 
This will shown the following: 

Some very interesting experiments* this subject have been 
made Leonard Sewall Smith, Assoc. Am. 

Direction Line, Time Day and Season Year.—The variety 
effects produced the results levels these conditions has 
been intimated but never explained. believed that these effects 
are all due variations the position the sun and the intensity 
and direction the sun’s heat rays different times during the day 
and year. 

prove this theory, the writer conducted set experiments 
which are given part Table No. great many readings, 
which are merely repetitions those given, are omitted for the sake 
brevity. These additional observations add nothing except show 
conclusively that the changes found were substantiated duplicate 
readings, and there could possible doubt the facts. Only 
the characteristic observations are here given. The experiments were 
made July 2d, 1899, near New Baltimore, Mich. 

The instrument was set level ground and was carefully 
shaded with large wagon umbrella. The rods were rigidly held 
vertical position and supported the usual steel pins, driven flush 


Bulletin the University Wisconsin, Vol. No. June, 1895, pp. 101-145. 
See also results observations made Van Orden, Am. Soc. E., 
Transactions, Am. Soc. E., Vol. xxxix, 1898, 387. 
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TABLE No. SHOW 


JULY 2p, 


Thread readings. 


15.290 
15.304 


15.296 


16.056 
16.058 
16.057 


16.060 


16.058 


Back SIGHTs. 


Mean. 


Thread 
distance. 


Time. 


Bearing the sun. 


80° 


45° 


30° 


with the ground. The rods and instrument were straight line, 
bearing 33° Rod was Point the south end the line, 
and Rod was Point the north end the line; both were 30.4 
from the instrument, thus eliminating all instrumental errors 
equalizing the back and foresights. Therods were graduated 
thus reducing the errors estimation about +0.05 mm. for the set 
two readings three threads each. 


Rod 
14, 
| 
14.536 15.292 
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Thread readings. 


13,186 
13.186 


13.190 
13.188 


13,182 
13.178 
13.180 


13.180 


13.182 
13,180 
13,181 


13.177 


Fore 


distance. 


Thread 


Differ- Remarks. 


ence 
elevation Weather. 


good, 


Clear. Read- 
ing fair; light warm 
wind. 


35°C. Bub. adj. clear. 
Light warm wind. 
Reading fair. 


Reading poor. 
Clear. Light warm 
wind. 


Reading poor. 
Light warm 


Reading good. 
..| Sky overcast. Light 
warm wind. 


Clear. Light 
wind. 


Reading good. 
Cloudy; strong cool 
breeze from 


Reading fair. 
Partly cloudy, light 
wind. 


Reading fair. 
Clear; light 
287. wind. 


28.9°C. Reading fine. 
..| Cloudy; cool air; 
Reading good. 
Slight rain, 


The readings were taken the usual manner observing, 
With the telescope normal and the level tube direct, the back sight 
(three threads) was read first, and then, without any way disturbing 
the instrument, not even refocus, the fore sight was read, complet- 
ing the first set. The level tube was then reversed, meanwhile 
inverting the telescope, and the second set readings was taken, 


commencing with the fore sight. 


The means the two sets for each 
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thread and for the two sets are written the third line each obser- 
vation. All readings were taken with the bubble the center, and 
the instrument was not disturbed any manner during the whole 
day, except after the first observation, which taken with differ- 
ent height instrument, and the sights are not nearly equal 
for the subsequent observations. Otherwise the notes are self- 
explanatory. 

Since all instrumental errors, except those due collar inequality, 
are eliminated the observations, the mean readings should always 
the same unless influenced atmospheric and temperature effects. 
Also, back and fore sights are equally affected, the difference ele- 
vation between the two points should remain constant. However, the 
difference elevation did not remain constant, and back and fore 
sight readings changed, but the changes were unequal. 

This phenomenon was not produced refraction, because the 
sight (30.4 m.) was altogether too short show refractive changes. 
was not the result air vibrations for the same reason, and fact 
repeated readings different observers never disagreed more than 
0.1mm. material vibrations could observed which indicated 
sudden rapid changes going on, except when passing clouds shut 
out the sun. The maximum producible change the rods, due 
the range temperature gone through the experiments, could not 
exceed 0.04 mm., which too small warrant consideration. The 
absolute temperature could not have been the cause, for the readings 
and while they agree, were taken widely differ- 
ent temperatures, and others taken only slightly different tempera- 
tures near noon, show the widest departures. 

The following explanation given account for this large error, 
amounting 0.9 mm. distance 60.8 during the hottest part 
that day: The afternoon limit was usually between and but 
the cloudiness brought the normal conditions much earlier the 
day question; fact the notes indicate that whenever the sun was 
completely shut off the readings came back normal. It, therefore, 

follows that certain times during the hottest portion the day 
the sun affects instrument pointings differently for different directions 
pointing, and that before and after this critical portion the day 
such effect does not exist even though the temperature remains 


| 
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high. Hence, the direction and intensity the sun’s rays seem 
the entire cause the error. 

appears from the observations that the back-sight readings, 
pointing southward and toward the sun, not show much variation, 
while the fore-sight readings show maximum variation 
This might explained the effect the reflected heat rays from 
the ground being partly cut off the observer while reading the fore 
sight and not while reading the back sight. 

The heat effect from above remained about constant. This would 
tend curve the eye end the telescope downward the fore sight 
and thus incline the line sight upward, while the buck sight would 
receive heat from above and below and remain practically unaffected. 

For different ground and other umbrella covers, the effect may 
very different even reversed. Hence the importance more experi- 
ments this direction, and the necessity confining level work 
the early and late hours the day during warm weather. 

The foregoing experiments show that direct line run shortly after 
sunrise might differ result from reverse line run between and 
practically 0.9mm. per meters, mm. per kilometer, 
the error being entirely the reverse line. Again, direct line run 
between and might close well with reverse line run 
between and yet both materially error. 

While errors from this source cannot eliminated any possible 
manner, their presence may detected always closing stretch 
during the same half the day. If, then, the closure within the 
allowable limits, safe assume that the temperature effect just 
described did not exist was extremely small. When the closure 
wide, due this source error, then the most erroneous line the 
one run nearest experimental line southward, clear 
warm day, between 4.15 without any umbrella, differed 
from the result obtained duplicate lines cloudy day 100.6 
mm. length the line was about km., and the one run with- 
out the umbrella was too high. 


This coincides sign with the foregoing experiments, though the 
closureis very large and might attributed decimeter error had 
not foot-rod been used the line question, 

From this seen clearly that the umbrella absolutely indis- 
pensable, and large umbrella close white duck lined with two 


| 
| 
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thicknesses heavy green black cloth, leaving air spaces between 
the several coverings, best suited the work. 

When high-grade work necessary during the warm summer 
months, conditions permitting, would advisable run the levels 
during the night. This will found far more satisfactory, and fail- 
ures close will scarcely ever occur. Snch programme feasible 
only when the line passes over good even roads and with proper 
equipment for illuminating the rods and the bubble. 

The best months the year for precise level operations the 
Northern and Central States are April, May, September, October and 
November, and sometimes March and December. best not 
work during June, July and August, though, with extraordinary exer- 
tions, good results may obtained. good work can done dur- 
ing the cold winter months. 

closing, the following conclusion may drawn respecting dupli- 
cate lines levels: 

Lines run simultaneously the same opposite directions 
may close well, yet both error, depending the time day 
during which they were run. 

Lines run the same opposite directions during symmetri- 
cal parts the day, with respect noon, may close well and both 
erroneous, depending the heat conditions. 


Lines run the same opposite directions different times 


the same half the day may close wide, and the most erroneous line 
will the one run nearest noon. 


INSTRUMENT ADJUSTMENTS AND CONSTANTS. 


Introductory. 


taking this subject necessary mention advance some 
the controlling features accurate level observations general. 

The instrument must handled with great care, and should 
always securely clamped while being carried. The observer 
should always carry the level tube and umbrella, leaving the 
umbrellaman transport the instrument, thus enabling the observer 
remain quiet and preserve steady hand for manipulating the 
level. The instrument must always shaded, and day 
very desirable when determining instrument constants. work 
should done during the heat the day. 
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base line, 100 long, should accurately measured even 
ground, marking the 10, 20, 40, 50, 60, and 100-m. points oak 
stakes securely driven, with spike each which hold the rod. 
The instrument should planted firmly and must not disturbed 
shaken. Visitors should kept safe distance. 
The telescope should sharply focused within the reading limits 


the reticule, and the temperature the instrument should not 
affected handling. 


Instrument Adjustments. 


Different instruments may require slightly different adjustments, 
but, general, those necessary for instrument such type 
the Buff and Berger Precise -Level No. 2768, Plate XXXIV, apply 
nearly all high-grade instruments. These adjustments are follows: 

The Adjustment the Small Tubular coarse setting 
the instrument, this adjustment conducted for the plate levels 
transit, and would the same for watchglass level such used 
the Kern instrument, Plate XXXV. The levels are brought 
the center means the leveling screws and the instrument then 
revolved about its vertical axis. the bubbles remain the 
center they are adjustment, otherwise adjust for half the error and 
repeat the process. 

Make the Horizontal Threads Horizontal.—These threads should 
horizontal for both the normal and inverted positions the telescope. 
Adjust the stop device until the mean horizontal thread gives the same 
reading rod when the previously leveled instrument swung 
slightly azimuth, that the rod passes through the entire field 
the telescope. This done for the telescope normal and inverted, 
and should repeated until appreciable error remains. 

Make the Thread Adjustment.—Sight rod placed about 
away. Read three threads with telescope normal and level tube 
direct, then invert telescope and read the three threads again, having 
the bubble the center The difference between the means 
for the two sets the thread error, which corrected moving the 
reticule one-half the amount the error. The test then 
repeated. This error may readily reduced 0.2 mm. and 
should not allowed exceed mm. for the same distance. 

After making this adjustment well test the mounting 
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the objective lens, which done watching the image 
object while the telescope being revolved. the image and the 
reticule appear move together circle, then the objective 
eccentrically mounted. Another test read rod with bubble 
center, then unscrew the objective lens sufficient move through 
180° and repeat the reading. Allowing for the play between the 
threads, the two readings should coincide. 

Make the Level Tube Parallel the Telescope Axis.—This done 
two adjustments, the lateral and the vertical. The instrument 
carefully leveled and clamped, the bubble brought the center, and 
then the level tube tilted laterally and the bubble allowed come 
rest. position rest not the center, then the proper end 
the level tube must adjusted laterally until the bubble remains 
the center for all positions tilt permissible between the forked 
lateral supports. This adjustment should carefully made and 
frequently tested, errors due such lack adjustment cannot 
-corrected. 

The vertical adjustment the level tube performed clamping 
the instrument level position, bringing the bubble the center, 


and then reversing the level tube the telescope collars. the 


bubble comes rest the center, after reversal, the level tube 
adjustment, otherwise adjust half the error the vertical adjustment 
the level tube and take the other half the leveling screws. 
Repeat the operation until the error does not exceed one second 
pointing, one 2-mm. division 2-second level. Strictly speak- 
ing, the level tube made parallel the elements contact between 
‘the level tube and the telescope collars, while the telescope axis 
determined the relative sizes the collars, which are generally 
unequal. This subject taken later. 

The Parallax the Level Tube Mirror.—This removed 
adjusting the inclination the mirror such angle that the 
bubble seen the same position whether viewed the mirror 
the observer with his eye the eyepiece the telescope, seen 
directly observer. This adjustment should carefully 
made for the length bubble used, and generally requires 
further attention. 

The Verticality the Rods.—This must tested three four 
times daily suspending plumb-bob between points provided 
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the rods for this purpose. The rod supported against house 


tree, away from the wind, and the rod level centered when the 
plumb-bob shows the rod vertical. 


Determination Magnifying Power. 


There are several methods accomplishing this, and the two 
simplest will here given. Both are based the same principle. 

First Method.—The rod held convenient distance, from 
the instrument and the apparent size, the image produced 
decimeter space (0.1 m.), taken ina pair dividers held certain 
distance from the eye. This accomplished with considerable 
accuracy viewing the image with one eye and the dividers with the 
other. The apparent size the image then measured scale, 
and the distance from the eye the dividers must measured 
assistant, or, the dividers are held opposite the objective, the 
length the telescope may used. Thus, for magnifying power 


the Buff and Berger Level No. 2768 gave, for 0.105 


0.105 


Second Method.—The following method somewhat simpler, 
though not well suited telescopes high magnifying power. 
The instrument sighted set close the focusing slide 
will permit. The thread interval then read through the telescope 
the ordinary manner and also its apparent size, seen projected 
against the rod, viewing the image through the telescope with one 
eye and the rod with the other. The ratio between the two intervals 
thus obtained the magnifying power. Thus, for the same instru- 
ment placed from the rod, the interval read through the tele- 
scope was 0.47 dem. and the apparent interval projected the rod 


0.47 


Determination One Division the Level Tube. 


rod held some even distance from the instrument and the 
bubble brought rest near one end the tube, but within limits 
the graduation. The three threads are read, likewise both ends 
the bubble. The bubble then brought rest near the other end 
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the tube and the readings repeated. The two sets furnish the obser- 
vations for one determination. Five ten determinations will give 
very good mean value. 

The graduations the level tube are numbered from the center 
toward the ends, and the rod readings are expressed decimeters, 
likewise the distance from the instrument the rod. Calling and 
the eye end and object end readings, respectively, when the bubble 
was near the eye end the telescope, and the corresponding rod 
reading; likewise and the bubble readings when the bubble was 
near the object end for which the rod reading was taken; also, 
calling the distance from rod instrument, and the value, 
seconds are, one division the level tube; then, 


for single determination, and, 


sin 


for any number determinations. 


Table No. gives example which five determinations were 
made for level tube Adolf Pessler, Buff and Berger Level No. 2768, 
with 2-mm. graduations. 


The readings were taken 10-mm. rod graduations. 


Determination the Distance Constants. 


According the principle the stadia, previously cited de- 
scribing the parts telescope, the length shot from the center 
constant, the focal length the objective and cis the distance 
from the center the instrument the optic center the objective 
lens. Hence, the length measured, the constants and 
must first determined for the instrument used. 

The constants cand may found direct measurement, ob- 
serving that the telescope should focused distant object before 
measuring which then the distance from the reticule (or capstan 
adjusting screws) the center the objective. 

which determined experiment. 


1 
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TABLE No. 


Grossepoint, Mich., June 19th, 1899. 
Temperature, 88° Fahr. 31.1° Cent. 


| 
THREAD READINGS. Thread 
tance 
dem. dem. dem. div. div. div. sec. 
Telescope normal, level tube direct. 
15.104 16.340 17.572 2.468 8.3 22.3 |—14.0 
15.200 17.668 16.435 2.468 8.9 22.8 
true dist. 499.72 dem. 
mean. 


499.72 79.4 0.000004858 
0.0108 mm. per meter, which sometimes more convenient form. 

The value determined Adolph Pessler, with the aid level-trier, was 1.97 
(temperature not given). The agreement might expected between 
determination and one made the open air probably much different 

emperature. 
the foregoing determination the probable error the mean value 

this the instrument set the measured base line, pre- 
viously mentioned, behind the zero mark the 
base, that the measured lengths, counting from the zero the base, 
are Ifthen rod be.set some one the base points 
and the two extreme threads are read, the thread interval thus obtained 
gives one value for 

Generally five such sets readings are taken for each several 
points the base, from which mean value Table No. 


gives such determination detail. 
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TABLE No. 8.— THE Constant FoR 
AND No. 2768. Y., May 1899. 


THREAD READINGS THREAD INTERVALS. 


Upper.| Lower. 


Tel. inverted. 
13.850 


13.900 Tel. inverted. 


Tel. normal. 


Note: The instrument was set 0.60 behind the zero the base. The 
smallest rod graduation was cm.; magnifying power telescope 50diameters. Thread 
uppermost the field the telescope, whether the latter normal inverted, but 


the upper always the same and becomes the lower half-interval for tele- 
scope inverted. 


The value found practically 200, or, for distances meters and 
rod readings decimeters, the constant becomes 20, andc+ 
0.60 

When not even hundred, the solution the foregoing 
formula for distance becomes somewhat laborious, and tabulation 
very convenient for taking out any distances, even for 


| 
m. ; 
100 
Mean. 
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added the tabulated value while for stretch instru- 
ment settings the length becomes which Jis 
the sum the thread intervals for all back and fore sights the 
stretch. 


Determination the Error due Collar Inequality. 


The method adopted the writer designed determine the 
residual inclination the line sight caused inequality the 
telescope collars, independent the various other level tube and 
telescope errors, direct inductive method. The text-book 
method determining collar inequality, level tube and telescope 
reversals, has already been explained and found erroneous, because 
not all the governing conditions are considered. 

Observations are taken the measured base previously men- 
tioned, using the method reading adopted for regular precise level 
work. 

The instrument, which has been carefully adjusted, set the 
50-m. point the base, and five ten sets sights are taken rods 
held the zero and 100-m. points, follows: With telescope normal 
and level tube direct, the back sight read the rod held the 
zero point the base, the instrument then swung the rod the 
100-m. point and the fore-sight reading taken. The telescope then 
inverted and the level tube reversed and the readings are repeated, 
commencing with the fore sight. This constitutes one set sights. 
All readings are taken with the bubble the center. 

The instrument then set some other point near one end the 
base that the back and the fore sights are very unequal. 
point was generally used. The same number sets sights then 
taken before the rods the zero and 100-m. points the base. 

will observed that this system reading eliminates all errors 
the level tube, the reticule, eyepiece movements, and mounting 
the objective lens, and because the back and fore sights were exactly 
equal the first series sets, the remaining errors due parallax 
and inequality the collars are also eliminated these sets. 
However, the sets the second series involve both these 
errors for 70-m. excess fore sights. The parallax error should 
eliminated adjustment the mirror, thus leaving the collar in- 
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TABLE No. ERROR DUE 


Back SIGHTS. 
Thread readings. 
1 2 3 
dem. dem. dem. dem dem. deg. 
Instrument the 50-m. point the 
11.564 12.799 14.031 12.798 2.467 16.0 
per 2-mm. grad. 
nifying power 
Mirror adjusted 
Means 2.4684 
Instrument the point the 
Means 13.4852) 0.7186 


equality the only remaining source error the second series. 
Hence, the residual inclination found comparing the differences 
elevation between the zero and 100-m. points found the two 
series observations. 
Temperature and atmospheric influences must carefully avoided 
these observations choosing proper time day, cloudy 


weather. 
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Burr anp No. 2768. 


Thread readings. 


dem. dem. dem. 


100-m. base line, Clayton, 


100 18.714 19.960 21.196 
18.710 19.950 21.190 


100 19.122 20.366 21.600 
19.120 20.360 21.600 


100 19.588 20.820 22.052 
19.580 20.810 22.048 


19.420 20.660 21.898 


100 19.412 20.650 21.888 
19.410 20.648 21.886 


100-m. base line, Clayton, 


100 18.786 20.898 28.002 
18.796 20.898 23.010 


100 18.800 -906 23.010 

100 18.804 20.914 23.024 


100 18.268 20.380 22. 


2.476 


2.4750 


Diff. 
elev Remarks. 
Tel. N., Level 
Tel. I., Level 


D.= 
Err. D.= —719.98mm. 
for 69.9m. Excess F.S. 


When the horizontal distance between the cradle supports the 
telescope differs from the distance between the contact points the 
collars with the level tube, then the only wear the collars which 
affects the above residual inclination that which takes place the 


collars under the level tube. 


This wear very slow and may 
almost entirely prevented applying the precaution lifting off the 


Point. 
distance 
dem. 
+69.90 
Ss. i 
vo 
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level tube whenever the telescope being reversed and when the 
instrument being carried. 

Past practice has been construct the cradle and level tube with 
such dimensions bring the four contact points each collar 
exactly ina plane. The wear resulting from the cradle supports will 
then affect the level tube bearings and the whole matter collar 
inequality reaches chaotic stage beyond all possibility solution. 
Hence, this condition should carefully avoided, and might 
suggested that pair collars provided for the cradle supports 
independent those for the level tube. 

example complete determination the error due 
collar inequality given Table No. The result found 
0.0624 mm. per meter excess fore sights, which corresponds 
closely with the value 0.0678 previously found the old method 
with corrections applied. for applying this error there- 
fore: direct lines, the difference elevation between two suc- 
cessive bench-marks algebraically increased for positive excess 
fore sights, and reverse lines the difference elevation algebra- 
ically increased for negative excess fore sights, provided, that the 
difference elevation given the same sign for the direct line. 


Eyepiece Movements. 


When the eyepiece afflicted with irregular movements for different 
focal distances, the thread adjustment becomes very unreliable, and, 
fact, instrument having such defect not suitable for accurate 
work. 

The most dangerous error produced lateral looseness the 
eyepiece slide, which causes the eyepiece drop slightly after each 
inversion the telescope, and thus vitiates all readings. Regular 
linear motion necessary, even though the direction inclined the 
axis the telescope. Such regular inclination entirely eliminated 
readings the normal and inverted positions the telescope, 
while the irregular looseness affects each sight and each position 
differently. Hence the importance proper design and careful 
construction this detail the telescope, which attention has 
already been invited. 

determine the presence and character these eyepiece move- 
ments, the following tests should made: 
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First, perform several inversions the telescope, each time read- 
ing placed from the instrument. these readings 
show changes marked variations the thread error, then there 
lateral looseness the eyepiece slide. However, frequently 
happens that such looseness develops result wear, when 
working during extremely warm weather. well have the eye- 
piece move somewhat hard, and thick lubricant, such tallow, 
preferable warm weather, while more fiuid oil may used cold 
weather. 

Second, determine the obliquity motion the eyepiece 
slide, the instrument should set behind the zero mark 
the measured base line and readings taken such points, the ele- 
vations which have been determined previously shots equal 
back and fore sights. Such readings, which may repeated 
several times for level tube direct and reversed, but without inverting 
the telescope, will give profile the line sight, which should 
straight line. The inclination this line sight for the different 
points sighted should, course, constant, and comparing this 
mean inclination with the error due collar inequality, the resultant 
the two the inclination due obliquity eyepiece motion. 


DIFFERENCE 
nstru- 
Obliquit 
sights. sights. 

20 0 60 60 40 t 288.1 289.6 —1.5 — 20 —0.0750 
80 0 10 10 70 897.9 894.6 4+3.3 60 -0550 
Mean 0.0625. 


Table No. gives the results set observations, for which 
each value the mean two sets readings three threads, each 
for level direct and level reversed. The error estimation prob- 


ce 
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ably large, because the observer (the writer) had not yet attained the 
necessary skill estimating 10-mm. rod graduations. 

The instrument, Buff and Berger Level, No. 2768, was here placed 
different points the base line, but would better follow the 
plan above outlined. The level tube had curvature per 
millimeters, the smallest rod graduation was mm., and the magni- 
fying power the telescope was diameters. The ratio the tele- 
meter threads was which partly the fault poor estimation 
the extreme threads. 

The obliquity the line sight found for excess fore sights vary 
ing from practically constant, and hence the eyepiece 
moves straight line. 


This may done direct measurement, with finely divided steel 
scale, may accomplished with the aid the leveling instru- 
ment. 

The latter method consists repeated readings taken the rod 
held specially prepared spike head and then second set read- 
ings taken steel scale held the same mark. The mean differ- 
ence the two sets readings the the rod. 


Organization and the Field Party. 


Organization.—A field party, while may differently consti- 
tuted comply with conditions and circumstances peculiar certain 
localities, generally composed observer, who chief the 
party; recorder, two rodmen and umbrellaman. Sometimes 
axeman required when lines must cleared brush. cook and 
camp outfit may necessary when the party cannot subsist the 
farming community. 

proper make-up energetic, active, well-educated and practical 
men the prime necessity when high-grade work expected. The 
very best are none too good for precise leveling, andit economy 
employ only efficient men high compensation, even for the better 
grades railroad levels. This applies equally the instrumental 
outfit with which party equipped. 
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all astronomical and precise geodetic work the high degree 
accuracy attained the most delicate instruments handled 
most skillful manner obtain large number observations each 
unknown quantity, from which the best mean values may deduced. 

According most recent standards precise leveling the accu- 
mulated error say 000 individual rod readings, covering 400 
levels, must not exceed mm. and often falls below10 mm. This 
must accomplished the open air, over any ground, and nearly 
all seasons the year. certain daily rate progress expected, 
and the atmospheric conditions are frequently prohibitive good 
work, thus forbidding the repetition observations and the rejection 
work which, though not perfect, must accepted because falls 
within certain arbitrary limits requirement. There oppor- 
tunity select best value mean many observations. There 
but one result and that must correct within certain specified 
limits. 

From this statement the facts becomes apparent that the 
ability and skill required precise levelman very high order, 
somewhat variance with the commonly accepted idea. 

The observer and chief precise level party must special- 
ist, possessing thorough scientific training and having faculty 
for careful and patient research united with natural adapta- 
tion artistic manipulations. must always lead and provide for 
the welfare and comfort his party, frequently the extent sup- 
plying medical aid. must often satisfied with meager com- 
pensation and with little recognition for the quality his services, 
because such service rarely appreciated except one who has been 
the mill himself. 

The recorder should college graduate with several years’ prac- 
tical experience, especially the computing department geodetic 
and survey work. very quick and correct recording and 
reducing observations, and must keep clean and legible notes. Much 
the success party depends the ability the recorder fill 
his position well. 

The rodmen should college graduates, besides their regular 
duties rodding, they must able check the field note reduction 
and computation made the recorder. Without such assistance the 
labor devolving the and observer would excessive, and 
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the progress the work would retarded. The duties the rodmen 
are exactly the same, and there should distinction, such head 
and rear rodman. 

There are special qualifications attaching the umbrellaman 
possible axeman, except that the former must carry the instrument and 
must cautious and trustworthy. 

The chief party should allowed appoint his own assistants, 
and alone then responsible for the quality and quantity work 
performed. The several members party should congenial, and 
pull together. The general principles, well the details the 
work, should familiar all, and ample opportunity should 
given for the free discussion any doubtful matters which may arise. 

Subsistence.—The peculiarities leveling over long stretches 
country necessarily bring about conditions which are radically differ- 
ent from other field work, and few remarks this subject may 
order here. 

The engineer has often been compared with the tramp, which 
more less justifiable some kinds work; but when leveling the 
subject under consideration, the slight distinctions, usually claimed 
favor the engineer, vanish into insignificance. 

Owing the rapid progress leveling party, necessary 
move headquarters about every second third day, and this prevents 
the use regular camping outfit, unless the form gypsy 
caravan with wagon. This generally more expensive than 
subsisting the farming community, and is, therefore, not resorted 
to, except when passing through unsettled country. 

Boarding with the farmers, however, not always pleasant ex- 
istence, those who have experience will testify. farmer 
wishes profit the misery the party, and the usual result that 
hotel rates are charged and tramp accommodations are offered. There 
are exceptions this rule, but they are very enjoy long life 
the memory the levelman. 

The personal baggage must confined minimum, there are 
times when each man must pack his own belongings and work 
goes. other times horse and buggy may secured for this 
service. 

Working hours are generally from sunrise until atmospheric inter- 
ference prevents further progress, and again the afternoon when 
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work becomes possible until sunset. This makes the busiest time for 
the levelman the usual breakfast and supper hours, which adds 
greatly the discomfiture both parties concerned. 

The foregoing will suffice enable the reader draw his own con- 
clusions regarding the pleasantries the levelman’s occupation. 


Systems Leveling. 


The value single line levels has often been over-estimated, 
assuming that careful, conscientious work would yield correct results. 
never known with absolute certainty, however, when work cor- 
rect unless least two results are obtained, and even then cases are 
record where both results were erroneous, yet agreeing fairly well 
with each other. 

Several systems duplicate leveling have been used with the dis- 
tinct purpose check work and the same time eliminate injurious 
atmospheric influences; also detect heaving settling instru- 
ments and other sources error. The methods commonly used were 


run duplicate simultaneous lines, using one instrument and two sets 
turning points, two instruments and one set turning points; 
run duplicate simultaneous lines opposite directions using two com- 
plete party outfits; run duplicate lines opposite directions the 
same party, dividing the work variously between forenoons and after- 
noons. The method generally prevailing run one way the forenoon 
and duplicate the work the opposite direction the afternoon. 
The experiments conducted the writer, however (see Table No. 
6), show the effect time day and direction the closure 


level lines, answer this question very conclusively. Accordingly, 
there appears but one method detecting the principal error 


due temperature radiation and that run duplicate lines 
opposite directions single party, closing each stretch the same 
half the day. This, however, means detecting the 
presence errors from this source; such errors may eliminated only 
dividing the work equally between the two halves the day for the 
entire line levels. 


This view quite different from that ordinarily held most 


authorities, but the conclusion above reached supersedes all theo- 
retical reasoning, being, is, the result actual observation and 
experiment. 


— 
| 
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some recent Government work, single lines has been 
adopted with the expectation checking closing the work level- 
ing large polygonal lines forming net. such work carried 
continuously forward direction, the errors are very apt 
cumulative. work run direct and reverse alternate days, the 
error will materially reduced, but such level line will unsatis- 
factory and may embrace many serious local undulations and still close 
well entire polygon. 

Hence, high-grade work required, absolutely necessary 
run forward and back over each stretch, and, according the writer’s. 
experience, each stretch should closed the same half the day, 
choosing the length the stretch make this requirement possible. 


Instrument Adjustments and Constants. 


The manner adjusting level and determining its constants. 
has already been given full detail, and hence only few remarks are 
necessary here. 

When party enters the field commence leveling operations, the 
first thing measure base line and mark the ends and intermedi- 
ate points bed-rock very solid stakes with large spikes for 
turning points. The instrument constants should then carefully 
determined and permanent record kept all work done. 
observations should repeated the completion the work, 
the close the field season, possible the same base line. 

The adjustments the level should tested every day before 
doing any leveling, and, found excessive, the instrument must 
carefully adjusted. will seen presently, the combined error 
the cross-threads and level tube measured each set observa- 
tions, and, whenever this becomes excessive (exceeds mm. m.), 
well readjust the cross-threads and level tube. The lateral 
adjustment the level tube and the plate levels not require much 
attention, though the eyepiece movements should constantly 
watched, extreme temperatures, irregularities often occur which 
would prove serious not detected the time. 

When working with very delicate level, great care should exer- 
cised not expose the instrument sudden changes extreme tem- 
peratures, asis very apt occur cold weather. The level should 

maintained nearly possible the atmospheric temperature, 
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and should not left standing the sun placed warm 
room after being used the cold. 

Attention should called the fact that useless attempt 
the adjustment instrument before has stood long enough 
take even temperature the air where used. This 
may require minutes more after being removed from the case, 
and can best determined observing the constancy the length 
the bubble, which determining factor. single reversal the 
level tube not considered sufficient decide whether not the 
level tube requires adjustment, but least two, and generally three 
four, are necessary determine the real state affairs. Hasty action 
will often cause much useless labor and delay. level which was 
adjustment when placed the case will scarcely ever when again 
set the tripod, but few minutes frequently returns perfect. 
adjustment. 

The rods should tested regularly, morning, noon and 
and, when not plumb, the rod levels should adjusted. 

not necessary, according the method observing advocated 
the following, measure and record errors adjustment, these 
errors are not sufficiently constant justify their use applying cor- 

rections. 


Atmospheric Conditions Permitting Acceptable Work. 


The opinions regarding this important factor are varied that, to. 
the inexperienced, may seem impossible follow any definite rule. 

The majority writers take the stand that work may profitably 
carried when the air sufficiently quiet enable the observer 
obtain good, steady image, when the rod placed about 
from the instrument, independent the time day. This entirely 
inadmissible warm weather, clearly shown the experiments 
given Table No. 

steady image is, however, only one the many governing con- 
ditions for obtaining good work. may accepted satisfactory 
evidence normal conditions when the sun completely hidden 
dense clouds that not merely the instrument, but the entire dis- 
tance sighted over the shade. 

clear partially cloudy days, great care and good judgment 
are required obtain acceptable readings during midday hours, which 
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the warm summer months may comprise from M., 
leaving only the early morning and late evening hours for work. 
the cooler weather spring and fall, leveling may done nearly 
all hours, though excessive dampness the ground, combined with 
warm air, may frequently cause trouble. 

The following method observing intended furnish the 
means detecting any abnormal atmospheric conditions rapid 
changes, and the observer, very careful, will soon learn 
judge the reliability his readings the behavior the bubble and 
the coincidence his pairs observations. 

However, the error shown exist very warm weather (see Table 
No. cannot detected, except the closure line, and the 
best and most careful work may done under seemingly good condi- 
tions without yielding satisfactory results. 

test the atmospheric conditions, the following method may 
prove serviceable when working very warm weather. conve- 
nient place near each camp, drive three stakes approximate direction 
the level line and about apart (set the level). Large 
spikes should driven the first and third stakes. The instrument 
set over the center stake, and the difference elevation between 
the first and last stakes carefully determined very early very late 
the day during cloudy weather. Whenever the atmospheric con- 
dition uncertain may tested setting the instrument over the 
middle stake and taking set readings the first and third stakes. 
the resulting difference elevation does not check the one pre- 
viously found under known conditions within the allowable error 
estimation, then acceptable work can executed. 

Working during the warm summer months, June, July and August, 
has many disadvantages, and the recommendation previously made, 
respecting the advisability night leveling will well worth consid- 
eration within the limits possibility. 


Method Observing. 


The method observing, advocated the writer, such 
eliminate all instrumental errors the observations themselves, and 
obviate, far possible, all mathematical manipulations the form 
corrections. held that careful observations, taken only under 
suitable atmospheric conditions, will lead better results than can 
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ever expected applying more less speculative corrections 
work less exact execution. 

The instrument should always completely shaded from the 
direct rays the sun, and should protected from rain and annoying 
winds. This can, with rare exceptions, accomplished with large 
instrument umbrella, previously described. So-called wind 
protectors are not considered practical when using good firm tripod, 
such supplied with Buff and Berger Level No. 2768, though they 
are valuable when using less rigid tripods. One the best forms 
protectors was designed Haskell, Am. Soc. E., and 
consists three 10-ft. poles forming tripod, which latter covered 
with canvas form portable tent. 


Openings for taking readings 
are provided. 


All rod readings are taken rods, held perfectly plumb means 
spirit levels, and three threads are read for each sight. The bubble 
always the center when readings are taken, and the observer sees 
the rod image with one eye simultaneously with the bubble image 
the mirror with the other eye. 


The rods are placed equidistant from theinstrument the rodmen 
counting their paces. The rodmen become alternately head and rear 
rodman, thus having exactly the same duties and responsibility. 

One rod held starting bench-mark and the other the first 
turning point; the readings are taken and the instrument and rear 
rod are then carried forward new positions. The rear rodman 
counts his paces from the first turning point the new instrument 
position and then proceeds ahead, repeating his count the second 
turning point. This process continued until new bench-mark 
reached. The instrumentman thus fixes the length shot 
wishes take, and both rods are always position when readings are 
taken. 

The readings, constituting one pair back and fore sights, are 
taken follows: With the telescope normal and the level tube direct, 
the first sight the back sight taken with the bubble the center. 
Then, without disturbing the telescope, not even touching the focus- 
ing screw level tube, the instrument quickly swung 
front rod and the first sight taken the fore sight soon the 
bubble can centered the micrometer screw. Should the lengths 
the shots materially unequal, the front rod set correctly and 
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the sights are repeated. The level tube then removed and the tele- 
scope inverted, carefully replacing the level reversed posi- 
tion. The second sight the fore sight then taken with the bubble 
the center; the instrument quickly swung the rear rod and 
the second sight the back sight taken. 

Before taking the instrument, the recorder inspects the two 
sets readings ascertain any possible inconsistencies, and, any 
are discovered, the readings are repeated; otherwise, the instrument 
carried forward, and the recorder takes out the mean readings and 
thread distances while the instrument being reset. 

closing bench-mark, the instrument placed, the 
last pair sights, make the sum the thread distances the 
back sights equal the sum the thread distances the fore sights 
for the entire stretch between bench-marks. The difference eleva- 
tion and total length stretch then figured and the stretch run 
the opposite direction during the same half the day. The closure 
the loop thus run must less than the specified limit given the 
following. 

this method observing, the errors pointing and esti- 
mation are materially reduced and become almost insignificant, 
compared with those incident other methods, while the errors the 
telescope and level tube are eliminated, all intent and purpose. 
The only correction applied the work for rod length and 
temperature above described. 

Should the sums sights not entirely equalized, then the 
correction due collar inequality, etc., must applied 
for the resulting excess fore sights. Further than this, correc- 
tions any kind are necessary applicable the field notes. 

When bench-mark placed that the level rod cannot held 
directly the mark turning point, then steel tape most 
‘advantageously used short range. Such has been described 
connection with level rods, and the value for the rods used 

must subtracted from all tape readings when the tape stretched 
upward from the mark. 

direct lines, the back sights are considered positive and the fore 
sights are negative, while reverse lines these signs are advisedly 
reversed, thus giving the same sign the difference elevation 

whether determined from direct reverse line. 
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line considered when going from the initial start- 
ing point toward the terminal point. 


The opposite direction con- 
sidered reverse.” 


System Notes. 


The method observing was treated somewhat with the 
expectation illustrating the details the method here advocated 
complete example notes, thus presenting the subject more 
understandable manner. 

The following books constitute the records precise level party: 
notebook bench-mark descriptions; many notebooks may 
necessary for level notes; and summary-book containing compila- 
tion final results and computation elevations. addition 
these notes the level line and all fairly permanent bench-marks should 
platted some large-scale map the route, whenever such map 
obtainable. 

The level fieldbooks should about ins., with printed head- 
ings, vertical column ruling, and horizontal lines ruled in. apart. 
The summary-book should about paper ruled cross- 
wise with about seven squares the inch. The headings can 
printed, stamped with large rubber stamp, and the columns ruled 
hand. 

Each fieldbook should contain the front page brief statement 
programme observing, definitions instrument positions, names 
observer and recorder, instrument and rods used, units measure 
adopted, etc. The notes should then follow chronological order 
strict accordance with the system adopted. The last double page 
each book should contain summary results with page index 
work recorded such book. 

The summary-book should contain similar introduction, with 


definitions terms used therein, authority and elevation starting 
bench-mark and brief history the work. 


tions, though must emphasized that too much attention cannot 
given the accurate and complete description every perma- 
nent bench, appears from the purpose for which such descrip- 
tion should serve. very good test the adequacy such 


descriptions for the observer place the bench and draft the 
first description. 


The recorder should then find the bench with the 
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aid this description, and, the latter found deficient, must 
improved. 

complete example field level-book given the following, 
and applies Buff and Berger Level, No. 2768 (see Plate XXXIV). 


Designation Instrument Positions. 


The telescope points direct when its eye end over the microm- 
eter bearing the wye-cradle. This position always maintained 
when leveling. 

The telescope normal when the focusing screw the eye end 
the upper right-hand side seen from the position the 
observer. 

The level tube its direct position when the end marked 
‘chamber’ the eye end the telescope. 


Programme Readings. 


For each position the telescope, the three threads are read 
consecutively from the upper thread down, and the readings are 
recorded this order and whether the telescope normal 
inverted. 

Each shot the mean six thread readings taken for the two 
following positions telescope and level tube: Telescope normal, 
level direct; and level reversed. Thus each shot 
pair sights eliminates errors the adjustment the cross- 
threads and the level tube. 

The thread distance corresponding the mean value the two 
instrument pointings, sights, obtained subtracting the mean 
for thread from the mean for thread 

Thread distance, decimeters, converted into true distance, 
meters, the formula 


which total thread distance, decimeters, for any 
stretch instrument settings. The stadia constant, for 
thread ratio 1:200. The telescope constant 0.6 

All rod readings are read and recorded decimeters. 

bubble readings are recorded, because the bubble always 
the center when rod readings are taken. However, when the 
bubble read, for experimental purposes, the readings termed ‘eye 
end’ are taken for the eye end the telescope whether the level 
tube direct reversed. For regular level work, the length the 

The allowable limit error for the closure each stretch 
kilometers. 
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Buff and Berger Precise Level No. 2768, and Lake Survey 


rods and were used. For summary results see this 
book. 


M., Observer; B., Recorder; and H., Rodmen.” 


Instrument Constants. 


The instrument constants were determined whenever the instru- 
ment underwent any changes alterations, and the beginning and 


end each field season. The values used this book are given 
Table No. 11. 


TABLE No. 11. 


Designation constants. 


Values. 
Curvature level tube, seconds per 2-mm. 2.23 
Residual error, millimeters per meter excess for difference ele- 


Level Notes. 


Tables Nos. and are the complete field notes stretch 


levels, direct (D) and reverse (R). During the progress the work 


the recorder carries (in lead pencil) continuous summation thread 
distances, prevent any excessive inequality sums sights (say 


larger than2m.). the last setting the instrument placed that 


the final sums should balance. Only the final sums are retained 


the notes, the others are again erased when the notebooks 


checked, which done each night the rodmen. notes given 


the sample, except final sums, are recorded ink, thus preventing 
any erasures obliterations. 

example river crossing (Tables Nos. and 15) inserted 
indicate the special features such problem, which often 
presents itself and which frequently involves numerous difficulties. 
The notes also show remarkably striking manner the correctness 
the new theory collar inequality developed herein. 
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(Left-hand page.) TABLE 


1889. Back SIGHTS. 
Thread readings. 
Point. Mean. Temp. Remarks. 
deg, 
Cloudy, fresh 
Wind, reading 
good. 


Cloudy. 
wind. 
abating. 
el D=+4+ 43.973 
Res. Cor. 0.000 


Taken from precise level line along 


26.547 


MOLITOR PRECISE SPIRIT LEVELING. 869 
128-T. 129. 
Thread readings. 
Rod Thread 
Point. No. distance Temp. Remarks. 
dem. dem. dem. dem deg. 
Thread dist. 
Ex.F.S. =+0.06m. 


Lake St. Clair, Mich., Molitor, 1899. 


26.550 
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TABLE No. 


1899. 


Point. 
No. 


Thread 


Back SIGHTS. 


Thread 
Mean. distance Temp Remarks. 
dem. dem dem. deg. 5.30 
26.699 25.109 Reading good. 
B. S. = — 114.296 
48,9732 
19.792 18.193 0.02 mm. 
17.706 
114,296 26.541 | 


Taken from precise level line along 


870 
dem. dem. 
23.514 25.108 
23.522 25.112 
23.518 25.110 
10.864 12.536 
10.864 
10.864 12.536 
3.754 
3.756 | 5.336 
8.834 
14.218 15.846 
14.216 
14.217 15.845 
16.596 
16.590 
16.593 18,193 
8.988 10.746 
8.982 10.738 
8.985 10.742 
15.878 17.706 
15.876 17.702 
15.877 17.704 
1 
. 
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SIGHTs. 
Thread readings. 
Rod Thread 
Point. No. Mean. distance. Temp. Remarks. 
| 
dem. dem. dem. dem dem. deg. 
26.541 
14.802 16.483 18.167 3.865 |.......... 
Cloudy, calm. 
158.269 26.528 


Lake St. Clair, Mich., Molitor, 1899. 
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TABLE No. PRECISE 


Grass River Crossing. 


Thread readings. 


Thread 


Instrument 1st set. 


13.645 12.580 2.227 |........ 


Instrument 1st set. 


19.152 29.718 19.155 |........ 


19.14 20.60 

19.17 


29.69 

Means..| 19.158 21.118 19.158 


Mean |D, and 1.3595 


from precise level line along St. 
St.Lawrence River 


16, 


Ava. 22p, 1898. 
No. 
B. B.A. 5 11.41 
11.42 
11,42 q 
11.42 
11.418 
11,42 
11.48 
11.415 
8.62 
8.56 
8.595 
8.58 
8.595 
2 
& 
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ror River (Right-hand page.) 
Direct Line. 


Fore 


Thread readings. 
Point. Rod 


Temp. Remarks. 
1 2 3 
.49 11.28 22.00 4,00 
Means.| 0.542 11.288 22.04 1:100. Value 
level tube per 


ment otherwise 


16.55 17.68 18.802 
16.546 17.674 18.800 Dist. 

= + 2.08 m. 


Lawrence River, David Molitor, 1898. 
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(Left-hand page.) TABLE 


Grass. River Crossing.* 


Thread readings. 
rea 
Point. Mean. distance. 


Temp. Remarks. 


dem. dem. dem. dem. dem. 
Instrument ist set. 


R,=+ 1.468 
Instrument 1st set. 
Means.| 0.770 11.520 22.258 11.516 21.488 |...... 
0.81 11.55 A 
0.778 11.528 22.268 11.524 21.490 |........ 
1.246 
ex./F.S.=-+ 0.0013 


1.8558 


from precise level line along 


deg. 
] | 
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No. 15. (Right-hand page.) 


Reverse Line. 


Fore 


Thread readings. 


Temp. Remarks, 
dem dem. dem. dem deg. 
1:100. Value 


2mm. 
ment otherwise 
scribed. 


11.67 12.775 18.88 

Means.| 11.660 12.771 12.768 2.214 


11.655 12.77 18.875 |........ 

11.655 12.765 13.865 


Thread Dist. 

= — 2.01 m. 


St. Lawrence River, David Molitor, 1898. 
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When river crossing necessitates very long sight, not ad- 
visable introduce two such sights for the purpose equalizing back 
and fore sights, even though the ground would permit doing. 
The corresponding long sight over the ground would all probability 
subject different refractive influences from those existing over 
the water surface. the difference elevation determined 
between two temporary bench-marks and the respective 
banks the river such manner eliminate all errors 
inclination the line sight. This done follows (see also 
Fig. 16): 

Drive stakes and that AC=BD. This 
not quite true the example, but near enough for the purpose. 
The direction the line from toward and the distances are 
meters. 

Set the instrument over and read back sight and fore 
sight reading many pairs sights conditions may require. 
Then shift the instrument and repeat the readings and 
The mean difference elevation from the two instrument settings 
eliminates all errors when Otherwise, 
slight correction applied for the resulting mean excess fore sight. 
same work with sights opposite directions will constitute the 
reverse line. 

the example cited, the residual correction for the instrument 
was 0.0635 mm. per meter excess fore sights, and, applying this 
the several single lines, gives the differences elevation from 
shown Table No. 16. 


TABLE No. 16. 


DIFFERENCE ELEVATION. 
Line. Excess F.S. |Residual correction. 
Observed. Corrected. 


Means......... 135.70 mm. 185.88 mm. 
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The correction for collar inequality, found the commonly 
adopted method level tube and telescope reversals, was 0.0235 
little over one-third the actual existing error, which properly 
accounted for the residual correction above applied. This also 
shows very close agreement the four values found, which due 
careful work and good weather conditions. Wide river crossings 
should never made except during cloudy weather sunrise and 
sunset. 

Summary Results and Index. 


Table No. gives example summary results intended 
occupy the last double page each notebook. This tabulation gives 
very comprehensive statement the work contained the book, 
and furnishes directly the data required the compilation the final 
results and computation elevations. 


Results and Elevations. 


Table No. serves illustrate the system adopted for the com- 
pilation results and computation elevations the large summary 

Column gives the number name the bench-mark, the eleva- 
tion which found. designates permanent bench and 

Column gives the bench-mark from which the bench-mark 
Column was determined. 

Column gives the length each stretch distance, meters, 
between consecutive bench-marks given Columns and 

Column gives the total length level line, kilometers, from 
the initial point the bench-mark Column 

Column gives the direction which the stretch was run. 
designates direct line leveled direction away from the initial 
known point, and designates reverse line, leveled toward the 
initial point. represents the arithmetical mean the accepted 
results. 

Column gives the differences elevation, millimeters, between 
two successive bench-marks, found the direct and reverse lines, 
also the arithmetical mean the two values. The sign indicates 
that the bench found above the bench from which was deter- 
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(Left-hand page.) TABLE No. 
Summary 
No. OBSERVED DIFF. 
Mean thread Mean length 
stretch. 
126) 125) — 8 43 .898 —1188.8 
rejected. 


final correction applied all differences elevation 0.063 mm. 
excess reverse lines, taking account the sign the differ- 
The temperature recorded degrees Centigrade. 


The allowable error closure for each stretch where the 
The above example taken from the notes the precise level line along 


mined the direct line, calling back sights positive and fore sights 
negative. These signs are reversed reverse lines, thus giving the 
same sign the difference found the direct line. 
The mean accepted values used computing elevations above 
datum. 

Column gives the residual error from the mean difference 
elevation for each stretch. 

and give the algebraic summations these residuals, 
and show the total discrepancy each line from the mean, for the 
entire line from the initial point. 

Column gives the probable error the mean difference eleva- 

tion for each stretch found from the formula 0.674 

where the residual from the mean for each observation, and 

the number observations. single pair observations this 

formula reduces 0.674 (see Table No. the Appen- 
dix). 

Column probable error the elevation the point, 

found from the initial point, and This formula 
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Results. 
Dirr. 
Direction 
trejected 


per meter excess F.S. difference elevation, 0.063 mm. per meter 
ence elevation given for the direct line. 


length the single stretch kilometers and millimeters. 
forenoon; direct line; and reverse line. 
Lake St. Clair, Mich., David Molitor, 


applicable only when all stretches are equal length, though 
generally used without regard the actual weights resulting from 
unequal lengths. 


Column gives the mean atmospheric temperature while leveling 
each stretch. 

Column should give the correction rod length reduce the 
latter standard length and temperature. The law was not yet 
determined for the rods used. 

Columns and give the elevations meters and feet, respect- 
ively, above mean sea level. The history and authority for the 
determination the initial bench-mark should follow here. 


Rules Observed Precise Level Work. 


The following axiomatic principles are the result careful study 
and observation, and may serve guide answering many the 
questions confronting the beginner: 

Little reliance should placed instrument, though 
the most superior quality. good results are sought they 
may achieved only constant vigilance and alertness, combined 
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with most painstaking exertions the part the observer, well 
every member the party. 

line levels better than the poorest portion thereof. 
Hence the importance maintaining the same high standards accu- 
racy every single rod reading. one place can never 
made good even the most careful work done thereafter. 

The shortest line between two terminals always the best line, 
provided unnecessary climbs are encountered thereby. However, 
not advisable pursue roundabout route merely avoid 
most advisable adopt the shortest route perpendicular the 
contours, utilizing full rod lengths with minimum lengths shots. 
extra setting costs less delay than attempt place rods for 
proper 

Fore and back sights should always equal, independent the 
nature the ground leveled over. That is, they should made 
nearly equal not require refocusing between reading fore and 
back sights. Any disturbance the focusing mechanism would 
destroy the relative accuracy readings taken before and after such 
disturbance. short sights, the permissible inequality very 
small and may frequently require resetting the forward rod. 
100 such inequality may range from m., but this 
should not allowed accumulate. The sums sights for 
entire stretch should made exactly equal properly setting the 
instrument the last station. 


The limiting length sight for any given instrument and any 
atmospheric conditions one for which repeated back and fore sight 
readings, taken two fixed points equidistant from the instrument, 
shall give equal values for the difference elevation between these 
points within the attainable limits accuracy rod estimations. 
Ordinarily, good conditions will permit taking sights 
m., using 3-second (per 2-mm. division) level. Very good 
conditions will permit reading and exceptionally 100 
Fair progress can made when only 30-m. sights are possible, pro- 
vided the weather not too warm, and this limit solely the result 
atmospheric vibrations. Sights exceeding 100 should not taken 
unless extraordinary precautions are used, such indicated for river 
crossing. 
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(t) 


| 


Determined 
from. 
Partial. 
(2) 
m, 
127 


DISTANCE. 


Total. 


Direction. 


a 
~ 


Difference 

(6) (7) 
mm. 
—1190.28 +0.74 
...... 
—1188.81 —0.74 
—0.08 
548.30 +0.50 
—0.50 
+4397.30 +0.01 
—0.01 

—2258.86 
+1663.80 —0.99 


Pros. 


Rod 
Cor. 


(13) 


ELEVATION, 
Meters. 
(14) (15) 
176 
179.88799 


Taken from Precise Level Line along Lake St. Clair, Mich., David Molitor, 1899. 
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The length the bubble should retained practically constant 
and should little over half long the graduation. 

Extreme quiet should prevail about the instrument when work 
progress. The observer calls his readings quick succession 
and the recorder should not repeat them back but should test their 
correctness careful inspection. This contrary general prac- 
tice, but, this particular case, will found highly commendable. 

The observer should make practice not remember any 
readings after has called them off, otherwise his memory will 
frequently deceive him causing him call something that has 
mind place the real readings which all scientific 
work, results should fact and not fiction, and the observer’s sole aim 
should directed toward obtaining impartial and truthful results, 
whether these pleasing otherwise. The observer must feel abso- 
lutely satisfied with every reading taken, and when this not the 
case, readings must repeated until such satisfaction realized, even 
though the notes necessitate changes alterations. failure attain 
perfectly trustworthy readings always good cause for the rejection 
such work when reasons therefor are given the remarks. 

The strict requirement, frequently imposed, regarding the for- 
biddance erase, alter obliterate figures notes, not consid- 
ered safeguard against fraudulent perpetrations the part 
observer. Should have such intention can easily accomplish his 
purpose and still comply with all requirements this kind. the 
employer not willing accept the final results his employee, then 
the latter not suitable person entrust with precise leveling 
operations. 

Advantages the Method Advocated. 


The most reliable results precise leveling are undoubtedly 
obtained careful and systematic observations designed prevent 
and eliminate errors directly the observations, avoiding, far 
possible, all more less speculative mathematical manipulations in- 
tended correct and distribute errors inherent ordinary work and 
imperfect methods. The labor spent computing and applying cor- 
rections practiced the past, when applied direct elimination 
errors the field, will yield the highest attainable accuracy the 
results, without necessarily increasing the cost the work. This 
the fundamental idea the method described and illustrated. 
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Furthermore, the readings are taken and recorded that, care- 
ful inspection, the recorder can always see whether there has been 
error reading recording. Should any disparity exist, any 
irregularity from atmospheric noticeable, the readings 
can repeated until rational set obtained. This the secret 
the success this method. 

The only disturbing element which cannot detected the read- 
ings, even though may acting, the warping the telescope 
caused direct and radiated heat warm weather. This error may, 
however, detected closing each stretch the same half the 
day, and may almost entirely eliminated closing equal 
number stretches forenoons and afternoons. 

The office reduction consists merely compiling results and com- 
puting elevations, and corrections any kind are necessary save 
those already applied the field reduction and checked the field. 

While the ultimate attainable accuracy precise leveling depends 
directly the number levelings duplications work, not 
deemed necessary, from utilitarian standpoint, more than two 
lines, one direct and the other reverse, thus forming loop. 
beyond this would result merely slight increase accuracy 
very considerable increase cost over that double line. Thus, 
three single lines would yield theoretical accuracy 1.4 times 
that obtained from two lines, 50% increase cost, and four lines 
would give accuracy 1.7 times that from two lines, 100% 
increase cost. 

Hence, conceding the necessity for running duplicate lines, does 
not appear practicable seek greater accuracy duplicating lines 
more than twice, and, whatever process leveling used, should 
designed with view producing the highest accuracy the 


results for single pair lines. This claim attaches the method 
above described. 


The Actual Error Closure. 


The various sources error have been treated considerable 
length previous part this paper. The residual resultant 


error loop levels formed pair lines (direct and reverse) 
will now discussed. 
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TABLE No. 19.—Errors Lines Run 


Back sight. Fore sight. 


Remarks. 


Point. |M. Read.|Th.dist.| Point. 


dem. a mm. 
991.3) fresh wind; reading 


3.429 Cool, puffy wind. 

3.252 shining; brisk wind. 
3.165 

3.319 3.338 828. hr. rain. 


3.169 3.181 light wind. 


Cloudy; light wind; reading 
16.640 3.409 91.5 


9.652 3.120 calm; reading good. 


15.419 3.149 light wind. 


3.251 Partly cloudy; light wind. 


2.761 Sun shining. 


Nore.—Value level tube, 2.23” per 2-mm. graduation; magnifying power telescope 


884 
dem. 
Totals. 
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AND REVERSE, PERMANENT TURNING POINTS. 


REVERSE LINE. 


Back sight. Fore sight. 
Diff. Error. 
Elevat. Remarks. 
oudy; calm; lig 
3.480 129 21.655 3.472 559.3 ing good. 
ing good. 
ing good. 
ing 
reading good. 
reading good. 
3.202 14.761 3.236 fresh wind; 40.1 
good. 
15.889 3.053 15.157 3.150 ight wind; 0.0 
reading good. 
reading good. 
ing good. 
130 
185.100 35.093 162.511 35.188 error 0.32. 


diameters; smallest graduation rods, cm. Lake St. Clair Levels, 1899. 
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very prevalent idea among men experience leveling that 
the resultant error closure stretch levels essentially acci- 
dental, being made errors estimation and pointing, and 
atmospheric disturbances, all which are considered compensat- 
ing nature. Heaving settling rods instrument have been 
cited explanations for errors constant nature. Cumulative 
errors have also been attributed the personal equation the 
observer. 

According the writer’s experience, however, the important 
cumulative error that produced the warping effect the 
direct and reflected heat rays the telescope (see experiments 
Table No. 6). All other errors are generally compensating 
nature when good instruments are used. Errors due heaving 
settling, when they reach measurable magnitude, are the result 
carelessness, improper instrumental equipment very unsuitable 
ground. 

illustrate more conclusively the views here expressed, the level- 
ings Table No. are given, which two stretches were leveled 
over fixed turning points the method described. The individual 
thread readings are omitted for the sake brevity, and only the 
mean pointings are given. The settings the reverse lines are given 
the order taken the direct lines, thus offering more ready 
comparison. 

The weather conditions the direct line 128-129 were good, 
though somewhat changeable, while the reverse line the condi- 
tions were uniformly good. This fact, explained the remarks, 
clearly shows the effect atmospheric changes the level error. 
While the error was entirely compensated the eight instrument 
found the direct line larger than that found the 
reverse line. 

the stretch 129-130, the weather conditions were quite uniform, 
and the partial errors, also the residual closing error, are all very 
small, showing that the small final not accidental balance 
large errors, but the result accurate pointings and close rod estima- 
tions, without atmospheric disturbances. This stretch, any por- 
tion thereof, closes within the assigned limits permissible error for 
work the highest grade. 


| 
$ 
| 


Papers. MOLITOR PRECISE SPIRIT LEVELING. 887 


Other data relating these two lines are given the example 
index page for field notebooks, Table No. 17. 

The errors the two lines 128-129 and 129-130 are entirely 
compensating nature. However, give idea the effect tem- 
perature and atmospheric changes producing cumulative errors, few 
other readings are given Table No. 20, which were taken the last 
and 130, when the sun was higher, but good readings. 
still possible. 


TABLE No. 20. 


130. 


Time, July 6th, 1899. Temp. 
mm. deg. 
26.7 
Accepted. 


Such wide differences from the values known good cannot 
escape detection, and, when temperature conditions are such pro- 
duce marked inclination the line sight, the error will always 
show cumulative effect, provided stretch closed during the 
same half the day. 

Many other examples this kind might cited locate the 
causes cumulative errors temperature effects rather than in- 
dulge speculative mathematical elaboration intended show ef- 
fect rod supports personal errors which may may not 
founded facts. 

Wheeler, Am. Soc. E., United States Assistant Engi- 
neer, discussing the cumulative errors precise level work done 
under the Mississippi River Commission,* attributes these errors al- 
most wholly personal errors the observers, and even derives the 
personal equations the various observers engaged this work. 
These cumulative errors more probably represent the susceptibility 
temperature effects the various instruments used. This presump- 
tion seems the more justifiable because large portion the work 
was done during very warm weather and generally north and south 
direction. 


Annual report Miss. Riv. Com., 1883, 141 seq. 
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very fair idea the accuracy generally attained precise level 
work the United States, and which has not been excelled other 
countries, given Table No. 21. 


THE UNITED STATES. 


THE UNITED AND GEODETIC SURVEY. 
St. Louis, Mo., New| km. mm. 
Mobile, Ala., Okolona,|J. Weir and 
Villa Ridge, Ky., Odin, 
New Haven Bradford ‘and 
Greenfield, Tenn., Winston and 
Okolona, Miss., Winston and 
Corinth, 
Old Point Comfort—Rich-| 
THE ENGINEER DEPARTMENT, UNITED STATES ARMY. 
.|_ Ferguson...... May-Aug. S.E. 242 
Carrollton, Ferguson, 
Keokuk, lowa—Fulton, Johnson and 
St. Paul, Minn. —Savan- 
Birmingham, 
*St. Regis—Oak Point, 
Oak Point—Tibbetts Pt., 


This work was done under the United States Board Engineers Deep Water- 
ways. 
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The Probable Error. 


Having briefly discussed the actual error closure found between 
pair direct and reverse level lines, intended here illustrate 
the extent which the theory error applicable the subject 
leveling. 

The formulas for mean and probable errors are applied precise 
level work more particularly give standard comparison 
between different lines and observers. They are also used furnish 
criterion the accuracy the ultimate result line 
levels. 

reality, however, these formulas serve the purpose intended 
very imperfect manner, being, they are, only applicable repeated 
observations the same function, taken under similar conditions, 
and assuming the errors observation strictly compensat- 
ing nature. useless add here that the errors leveling, and 
the prevalent conditions producing them, not morally justify the 
application the theory error leveling. There only one 
excuse for such application, and that for want something better. 

The theory error applicable observations taken under the 
same conditions, that the error single observation likely 
plus minus. Also, when comparing groups observations, 
each group must contain the same number observations, and all must 
taken under similar circumstances. 

leveling, the principal errors are due variable conditions 
which way obey natural laws constant character. Also, the 
number observations forming group (rod readings stretch) 
differs very widely, thus giving each group certain. weight the 
determination the residual error. 

Hence, the essential requirements necessary theory 
error applicable are entirely wanting level observations. 

general way, however, the errors leveling, resulting from the 
above-described system, are more inclined compensating than 
cumulative,and computation probable error, while not truly 
reliable, would nevertheless constitute fair measure the average 
accuracy piece work. 

comparing the accuracy different lines levels, is, 
course, necessary consider the number instrument settings per 
kilometer line well the lengths stretches, because each 
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stretch constitutes group observations for which only the algebraic 
sum the errors known and each the quantities the group 
observed but twice. 

necessary, therefore, that the stretches all the same 
length and leveled over with constant length shot, all which 
impracticable and almost impossible. 

Generally, the length stretch determined the amount 
labor number settings necessary covering certain line, and 
would imply about instrument settings, covering from 100 
1200m. The length shot chosen fit the ground and atmos- 
pheric conditions for reading, and may vary between 
would practically impossible assign weights groups ob- 
servations which such widely different factors constantly enter. 

illustration, the probable error computed for the stretch 
128 129, Table No. 19, which the errors the 
individual turning points were determined (see Table No. 22). 

This stretch 1071.6 length, leveled direct and reverse over 
seven permanent turning points, with eight instrument settings each, 
closed with final error 0.00 mm., and the computation Table 
No. 18, with closure 0.01 mm. result correction for 
excess fore sights. the computation Table No. the probable 
error found 0.517 mm., while for the final closure the 
stretch only 0.003 mm. 

(length 1418.3 m.) results probable error 0.32 mm. (Table 
No. 19), while the actual error closure was 0.16 mm. (Table No. 
18) with probable error This stretch undoubtedly 
better than the other, though has more detrimental effect the 
apparent accuracy the work. 

The inevitable conclusion drawn from the foregoing is, 
previously stated, that the theory error not justly entitled 
place honor discussing level errors, though may used, 
the past, give approximate measure comparison between 
different lines. 

Assuming, then, that computation the probable error line 
levels desirable, the formulas previously given will repeated 
here, and may applied with proper 

For stretch ever which level lines have been run, the probable 
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error the mean the values found for the difference eleva- 


error from the mean for each value. When only two lines (direct 
reverse) have been run, then and the two residuals become 


which the residual 


equal; hence for this case 0.674 The values 


for any given values may taken from Table No. 25, the 
Appendix. 
The probable error per kilometer for any stretch, length 


and the probable error per kilometer before 
These formulas are readily solved with any ordinary table 
squares and square roots. 


TABLE No. Error STRETCH LEVELS. 


DISTANCE. 


° = o an 


| 


0.488 
307.9 


0.101 


129 


method computation see explanatory remarks accompanying Table No. 18. 
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The Allowable Error. 


view the many perplexities attending the results and accuracy 
precise level work, the question naturally arises what shall 
constitute acceptable work. This question not easily answered. 

general rule, that work acceptable which good as, 
better than, has ever been done before. Any work falling within this 
requirement certainly beyond adverse criticism. However, certain 
local and temporary conditions may preclude the possibility achiev- 
ing such results, and then becomes necessary give explanation 
the reason. 

order that work may carried with uniform degree 
accuracy, certain limit allowable error usually stipulated, and 
whenever pair lines does not close within this limit one more 
additional lines must run until pair (direct and reverse) 
obtained which fulfills the requirement. When weather remarks, etc., 
are carefully noted, the observer will have little difficulty deciding 
which one pair lines most likely error and third 
line will usually give acceptable pair. 

According the law the continuity error series obser- 
vations, the allowable error closure made function 
desired. this expression, generally taken the length the 
loop line, kilometers, and millimeters. 

The values assigned the constant range from 10, the 
former being the smallest limit present attainable, without unneces- 
sarily increasing the cost the work, when instruments the highest 
grade are used. With very good common levels work may done 
within the limit though such work cannot classed with 
precise levels this time. The largest limit present permitted 

Some work under the Engineer Department, Army, has been 
done within the limit which the length the single 
stretch. This limit very nearly the same when the 
length the loop line, which latter perhaps better form, and offers 
more ready means comparison. 

follows from the foregoing, that the resulting accuracy line 
levels, also the cost and progress the work, depends almost 
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entirely the limit assigned, since all work not within such limit 
must rejected. 

The formula assumes that the error leveling purely function 
the length the line leveled over. makes allowance for the 
fineness the instrument used, the nature the ground leveled over, 
the length shot, all which are important factors which largely 
govern the magnitude the closing error. 

While quite impossible derive formula for allowable error 
which shall include all the variables their true mathematical rela- 
tion, the writer ventures propose new formula which intended 
give due weight the principal factors which make the 
error closure between pair lines. 


line, kilometers; the average length shot, meters; the 
allowable error, millimeters; and constant representing the 
quality the instrument, and differs for different instruments. Calling 
the curvature the level tube, seconds per 2-mm. graduation; 


the magnifying power the telescope, diameters; and ¢the smallest 


this formula does not make any allowance for atmospheric 
variations may generally accepted only for excellent weather con- 
ditions, and errors which exceed this limit are usually the result 
poor observing injurious temperature effects. 

the principal source error, however, caused temperature 
and atmospheric effects, previously explained, the foregoing value 
will found extremely small and difficult maintain, even 
the most careful leveling. is, therefore, necessary add numer- 
ical constant cover these errors the extent desired. The 
final formula then becomes 


facilitate the use this formula, also those common use, 
diagram, Fig. 17, given the Appendix, from which values 
may read off for any ordinary values and 


The diagram 


self-explanatory and will found far more convenient than tabula- 
tion allowable errors. 
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The Adjustment Errors. 


Whenever stretch levels run two directions between suc- 
cessive bench-marks, thus forming closed polygon, the resulting 
error closure must distributed some manner prior using the 
difference elevation thus obtained the computation elevations 
above datum. 

Since there are generally but two measurements (direct and reverse) 
the difference elevation between successive benches, the most 
probable value represented their arithmetic mean. This quite 
true when three four accepted measurements exist, though this 
rarely the case, since single pair, closing within the stipulated 
limit, considered sufficient. The foregoing examples level notes 
are reduced this manner. 

When line levels closes itself, thus forming polygon, the 
resulting error the polygon must distributed over the entire 
periphery, either proportion the length, or, perhaps better, pro- 
portion the square root the length, from the known starting 
point. there always more less guesswork attending such 
distribution, matters little which method adopted. 

For large polygons, the spheroidal correction should first applied 
each side before attempting any final distribution the closing 
error, this error may materially affected thereby. 

sometimes happens that succession polygons, polygonal 
system, requires adjustment. Such adjustment may made 
the method least squares, given some text-books the Ad- 

justment Errors” (Wright and others), may accomplished 
repetition the method just mentioned for single polygon, 
which latter less laborious and quite within the knowable exact- 
ness. All methods applicable this problem must regarded 
guesswork, they methodical otherwise. good common-sense 
adjustment entitled much confidence any other. is, 
therefore, deemed unnecessary add more this subject. 


The rapidity with which precise level work may prosecuted 


governed the quality the work, the training and experience 
the party, the grade the instrumental equipment, the nature the 
ground traversed and the weather. 
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is, therefore, difficult give exact information this subject, 
though some few facts will enable the reader make fair estimate 
for various conditions under consideration. 

With well-equipped and experienced party, following the method 
previously described, the average rate progress over comparatively 
level country will about 4.5 km. single line per day worked. 
length the loop, kilometers. 

The weather conditions generally limit the length sight from 
m., with average about 50m. This would necessitate: 
from instrument settings per kilometer single line. 
sionally, short sights, ranging from m., are necessitated 
undulating ground, which case the rate progress becomes very 
slow. 

When the previously described method observing followed, 
the average time required walk between stations, set the instru- 


ment, and take the readings, about minutes. For exceptionally 


good runs, with clear, steady air and good footing the road, this 


time can easily reduced minutes, enabling the work proceed 


the rate about mile hour. However, km. per hour very 


good progress, and, for average conditions weather and walking, not 
much over 600 per hour will accomplished. This latter rate 
represents good average for whole field season. 

The number Sundays and days which weather conditions 
prevent field work being done can estimated between and 
the days spent the field. However, most this time well 
spent working the notes and preparing the summary results, 
ete. 

The average working day will rarely exceed hours, and will 
generally about hours, because the midday hours not permit 
good work being done, except during cloudy weather. This appar- 
ently lost time can always advantageously devoted the checking 
notes. 


Table No. will suffice give good idea the work performed 
field season. The St. Lawrence River levels were run the 
writer, from August 10th December Ist, 1898, and from May Ist 


June Ist, 1899, for the Board Engineers Deep 


Final Report Board Engineers Deep Waterways. 
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The Lake St. Clair levels were run the writer June, 1899, for 
the Engineer Department, U.S. Army. former line was generally 
very undulating, and over poor roads for much the distance; while 
the Lake St. Clair line was over good level roads. 


St. Lawrence Lake St. Clair 


Item. River levels. levels. 
Total number days the 185 
Number days lost rain, 9.5 
Number days actually 105.5 
Number hours actually 746 159 
Number kilometers single line run.................. 433 
Number kilometers single line per day field......... 3.63 
Number kilometers single line per day worked........ 4.11 4.46 
Number kilometers single line per hour worked....... 0.58 
Average time consumed per 10.10 min. 9.81 min. 
Number instrument settings, entire work.............. 430 972 
Average number instrument settings per kilometer... 10.6 9.9 
Average length shot, 49.0 50.4 
Residuals passed through zero, 
Maximum value residuals, from the +14.72 mm. 


Cost 


The reliable data bearing this subject are very meager, and must 
always used with reserve. 

Nearly everyone, intrusted with work this class, will take pride 
producing cheaply possible, yet all high-grade work de- 
mands proper pecuniary recognition, and the cost leveling 
almost entirely question salaries, readily seen that wide 
range possible, even for the same quality and rate progress 
work. 

The factors weather, season year, nature ground covered, 
etc., all enter, for rate progress, though the governing item 
liberality the wages paid. 

The average salaries which should paid members party 
doing high-class precise level work are about follows: 


Chief party observer, $200 per month and subsistence field. 
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This schedule intended only for the highest grade precise 
levels and for experts that line. 


Subsistence the field, when 
party subsists the country, will range from cents $1.00 per 


day per man. 

Table No. gives the cost work done the writer during 1898 
and 1899, and may accepted very reasonable expenditure when 
the quality the work considered. The traveling expenses the 
party, and from the field, are excluded, while salaries, subsistence 
and traveling expenses incidental the work are all included. 


TABLE No. 24. 


LEVELS ALONG 
Item. 


River. St. Clair. 


Establishment permanent bench-marks, 
Cost leveling 


Cost leveling km., direct and reverse.... 10.86 9.22 
Cost compiling and reducing notes per single kilometer...... 0.83 0.84 


good average value for estimating total cost precise level work 


{exclusive transportation and from the field) about $15 per 
kilometer, $24 per mile, double line. 
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diagram, Fig. 17, for taking off the allowable error precise 
level work, and Table No. 25, for the computation probable error, 
are These will serve good purpose the field also 
the final compilation results. 

The writer takes this opportunity expressing his sincere thanks 
Am. E., Col., Corps Engineers, Army; Alfred 
Noble and George Wisner, Members, Am. Soc. and members 
that Board, and Colonel Lydecker, Corps Engineers, 
Army, charge the Detroit River and Harbor Im- 
provements, for granting their kind permission use some the data 
pertaining the St. Lawrence River and Lake St. Clair Levels. 

The writer also indebted Professor Pritchett, former 
Coast and Geodetic Survey, for photographs 
instruments shown Plates XXXV and XXXVI. 


TABLE No. FOR TWO OBSERVATIONS. 


| 
| 


m\ m— 
probable error, residual from mean, number observations. 
| 
0.58 0.391 0.68 0.458 0.78 0.526 0.88 0.98 0.660 
0.59 0.69 0.465 0.79 0.582 0.89 0.600 0.99 0.667 
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AMERICAN SOCIETY CIVIL ENGINEERS. 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE PRESERVATION RAILWAY TIES 
EUROPE. 


PRESENTED 17TH, 1900. 


The writer chanced become engaged practically the preser- 
vation railway ties chemical injections, consequence his 
having acted member the Committee which reported this 
Society The preservation timber,” June 25th, 1885. Having 


continued the business fourteen years, felt the need informa- 


tion concerning many anomalies which had puzzled him, and thought 
desirable that should investigate the experience and methods 
doing the best work Europe, where the industry has been carried 
for the last sixty seventy years. accordingly went abroad 
October, 1899, and proposes give this Society some the 
results his enquiries three different countries. The same methods 
are practised the other countries Europe. 


GREAT BRITAIN. 


England took the lead preserving timber chemicals more 
than one hundred years ago. Her wooden ships forced this subject 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the may 
sent mail theSecretary. Discussion, either oral written, will published ina 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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upon the attention her builders and chemists, and thousands 
experiments were tried with scores substances. Paulet, his 
book, Conservation des Bois,” enumerates 173 processes methods. 
Most them have proved failures, but some four five proved 
have value, stated the report the Committee this Society 
1885. 

These four five processes were brought into practical use, 
especially after the Railway Era” rendered the preservation ties 
important economy, but all antiseptics, save tar-oil, have now 
been abandoned England, where so-called, has 
grown recognized the best process use. Practically all 
the ties (they call them sleepers) now laid Great Britain are treated. 
few, cut Scotland, are laid their natural state, but least 90% 
are imported and creosoted. 

Mr. Boulton, author paper awarded the Telford medal 
the Institution Civil Engineers 1884, and universally recog- 
nized the best British authority the subject; Mr. Ross, Chief 
Engineer the Great Northern Ry.; Mr. Morgan, Engineer the 
London, Brighton South Coast Ry.; Mr. Harry Footner, Engineer 
the London North Western Ry., and others, have kindly 
furnished the writer with data concerning modern British practice, 
from which the following account has been compiled. 

Almost all the sleepers are redwood” from Russia, 
Sweden and Norway. They are cut the late autumn winter, and 
summer cutting generally barred the specifications. The tie 
makers are generally engaged farm work during the summer. 
When the spring and summer floods occur, the sleepers are floated 
and rafted down the streams the shipping ports, much the sap 
being washed out this procedure. The logs ties are 
shipped English ports, arriving some four six months after 
and they are frequently left soak water until sawed. 
length ft., and squared ins., requiring sawing two, which 
many railways specify must done only the port delivery. 
After being made into sleepers, generally ft. ins. long, ins. face 
and ins. thick, containing 3.11 cu. ft., they are stacked cribs, 
with 4-in. spaces between the sleepers and with sloping top layers, 


Creosote, properly so-called, medicinal product vegetable 
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and allowed season from months more. are from 
months, and sometimes months, old when 

Many the railways have their sleepers adzed and bored for the 
fastenings machinery before creosoting, while others this 
hand laying. conceded that boring before treatment good 
practice, but sometimes inconvenient when several patterns chairs 
are used. 

The specification for creosoted sleepers the London, Brighton 
South Coast Ry. given herewith, Appendix fairly 
representing British practice. The mode injection practically 
the same all roads; the Bethell” process used, which there 
previous steaming, the sleepers are already well cleared 
sap, and seasoned, but the quantities tar-oil injected and the 
results differ little various roads. 

From elaborate report Herzenstein, presented the 
International Railway Congress London, 1895, giving data obtained 
from about half the British railways, Table No. has been compiled 
the writer. The kind timber omitted, almost all 
and the reported cost, reduced our money, only appli- 
cable where long contracts previously existed, tar-oil has much 
advanced price since 1894, when the data were gathered. This advance 
has been due its increasing recognition the best timber preserva- 
tive. Some years ago was cheap that was used fuel, and 
while the normal price England (so far fluctuating commodity 
can said have normal price) was about cents per gallon, 
now cents per gallon, hard find, and with indications going 
higher. The present price increases the cost creosoting very ma- 
terially from the prices given the table. 

Most the railways are getting their creosoting done contract, 
but the London and Northwestern doing its own work, and reports 
the cost cents per sleeper. also reports the longest life 
(16 years), save the London, Tilbury and Southend, which 
small road, light traffic. The British are not injecting nearly 
much tar-oil the French roads, and they obtain lesser life, will 
shown later. 

Many the results obtained with sleepers England are due 
the system track. The rails are the Bull-head type, laid 
chairs with about 108 sq. ins. bearing surface, and hence there 
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Number. 


Railway. 


and Coun- 


.|Hall Barnoley Ry.. 


Eastern Ry... 
Northern Ry.. 


and Western Ry. 
and North 
Western 
and South 
Western Ry.. 
London, Tilbury 
and Southend Ry. 
and 
British Ry.... 


London Ry... 
Eastern Ry.. 
Vale Ry........ 


sleepers 

annually 
renewed 


Variable. 


Particular attention called the quantities (28 creosote injected per 
tie. The creosote used practically conforms the specifications Dr. Tidy, published 


Mr. Boulton’s paper, 1884, and entirely free from water, cone oil, shale oil, 
other inferior oils. 


cutting the foot the rail. 


effective. 


per mile. 


FRANCE. 


Process 
preserva- 
tion. 


Creosoting. 


1894, 


Cents. 


Amount 
injected. 


Reported 


cost. 


gall. per 
lbs. 
cubic 
lbs. 
cubic foot. 
per 


0.7 per 
foot. 
per 


per 
tie. 


Ibs. 


cubic 
10 

per 
cubic foot. 


. 
. 
. 
. 


per 


foot. 


maintained has been constantly increasing. 


The renewals averaged 072 605 ties 
Mathieu, Revue Générale 
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Mr. 


The fastenings consist trenails, 
round drift bolts called spikes, and lag screws, and are thoroughly 


France, which was once abundantly wooded, has been partly 
denuded, the present area the forests being estimated about one- 
fifth what was the days Julius 
moreover, been culled, yet they furnish about 000 000 ties annually 
the French railways, leaving about 000 imported. 
the aggregate about 600 000 ties per annum are now consumed 
renewals, and notable feature that the number renewed has been 
diminishing for the past years,* spite the fact that the mileage 


The forests have, 


annum for the eight years 1878 1885 
Chemins Fer, August, 1887. 


903 


Cause 
failure. 


Splits. 


Wear. 

Wear 
splits. 

Decay, 
ete. 


40% De- 
cay. 


Wear. 


causes. 


| 
100 000 
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This result, which has been estimated producing annual 
economy about 000 000 the French railways, has been wholly 
due the impregnation the ties and constant improvements 
the processes. The French began treating wood about 1837 the 
process expelling the sap hydraulic pressure, 
using sulphate copper antiseptic. Many the railways took 
this up, but most them abandoned about 1878, and the only road 
which had continued the use this substance, the has now 
finally given favor creosote. The latter substance now 
practically used exclusively all the roads, save those the State, 
which use mixture chloride zine and creosote, which will 
more fully noticed when the German practice described. Burnet- 
tizing,” e., the injection chloride zine alone, has been exten- 
sively used, but now abandoned, the found wash out 
time, especially moist situations. 

The kinds wood used renewals and construction have approxi- 
mately been the following proportions: Oak, beech, pine 
and sundries, per cent. these, the supply oak diminishing, 
and the use beech and pine increasing. Formerly, the creosoting 
oak was confined sappy ties, but now all oak treated, although 
but small amounts tar-oil can forced therein. The quantities 
this substance injected have steadily been increased. While the British 
railways were content with lbs. per tie, the French railways 
injected from beech and pine, with correspondingly 
better results duration, and they have lately still further increased 
the amounts. Thus the Ouest” Railway now requires lbs. per 
the Est,” which does its own work, injects lbs. tar-oil per 
tie, and the Paris, Lyon follows the practice 
the 

The results heretofore attained upon the French railways are given 
Table No. which compiled from Mr. Herzenstein’s report, 
already quoted. will noticed that the life obtained consider- 
ably excess that England, and nearly direct ratio the 
quantities injected and the cost incurred. this treatment 
applied beech ties, which cost some cents each unprepared; 
pine, costing cents each, and oak, costing from cents 


$1.10 each, seen that thorough injection produces important 
economies. 
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No. Railway. 
161 213 
650) 


284 
285 000 
| 
242 
460 000 
Mediterranean| (?) 

“ 


Pine. 


Oak. 


Oak. 
Pine. 


Oak, 
Oak. 


Beech. 


Oak. 


Beech. 


Oak. 


Process 
preserva- 
tion. 


Zine. 
Creosote. 
Zine. 
Creosote. 
Creosote. 


None. 


Sulphate 
copper 


Creosote. 


Creosote. 


Blythe 
Process. 


Creosote. 


Creosote. 


Creosote. 
Creosote. 


Creosote. 


Creosote. 


Amount 
injected. 
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TABLE No. ANSWERS FRENCH Mr. 
HERZENSTEIN. 
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Causes 
failure. 
o | 


Ibs. 10-15 Decay. 


per tie. 25-30 Wear. 


0.4 dry Decay 
per cubic 8-10 and 
over 
ing. 


per tie. 


per tie. 
per tie. 


per tie. 


cutting. 


Now 
18< copies 
1890. Eastern. 


All the French roads but one have been creosoting the Bethell 
process. The exception, the has been using the 


process, which consists first heating the wood with mixture 
steam and creosote vapor, and pressure about 
liquid tar-oil per tie. This method was adopted economize the 
amount this costly substance used. The specifications this road 
are given Appendix but the Chief Engineer Maintenance 
Way, Mr. Agnellet, when handing these the writer, stated that 
the quantity creosote injected had lately been increased per 
tie, and that the present cost was 35.6 cents, against cents per tie 
1893. The road will probably over straight creosoting, and 
adopt the methods the Railway, which recognized doing 


the best work that kind. 


| 
Kind 
wood. 
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The Est” Railway does its own creosoting, and has two plants 
with capacity over 500 000 ties year. purchases 
chiefly oak ties (95 cents), and beech ties (65 cents), rigid specifica- 
tions, carefully enforced, and piles them its works season. 
The piles are isolated and contain 100 ties each, with 10-in. air spaces be- 
tween the sticks, and the top layer made sawed ties laid close and 
sloping. These piles are inspected from time time, and cracks 
appear hoop iron driven the end, hole bored and 
bolt with washers inserted. Oak ties are thus seasoned 
months, and beech ties months more, and are further desiccated 
before treatment special drying ovens from hours. Re- 
peated weighings show that the oak loses its weight 
months, and more the drying oven, while the beech loses 
103 months, and more the ovens. The use the latter 
deemed important, not only expel remaining moisture and en- 
sure regularity treatment, but obviate the chilling the hot 
tar-oil upon its admission. For this purpose, the ties, loaded upon 
buggies, are run direct from the ovens, where the final temperature 
176° Fahr., into the treating retort, whereupon, without previous 
steaming, vacuum ins. produced, and the tar-oil then ad- 
mitted. Before going into the drying ovens the ties are adzed for rail 
seat and bored for lag-screw fastenings. This done steam ma- 
chinery, cost cents per tie. 

The time occupied treatment hours for oak and hours 
for beech, which time hour under pressure per 
square inch for oak, and hour the same pressure for beech, the 
tar-oil being admitted temperature 176° Fahr. Under these 
conditions, the oak ties absorb from 14.22 16.65 lbs. creosote 
each, and the beech ties take from 59.40 66.60 each. More 
could forced into the latter, but this has been found sufficient, 
being, will noticed, double much injected England. 

Every invoice creosote chemically tested the works. The 
requirements are: (1) That shall greenish hue. (2) Naphtha- 
lene not over (3) Distillation not begin below 392° Fahr. 
Moreover, there should 10% carbolic acid (and attending water) 
and 10% green oil, the density the whole being 1.05 1.10 
specific gravity. This tar-oil comes generally from the Paris Gas 
Co., but the specifications cannot rigidly enforced just now, for 
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tar-oil scarce that the engineers have accept what they can 
get. The total cost treatment 33.8 cents per tie for oak, and 64.2 
cents per tie for beech, stated Dufaux, Engineer 
tenance Way, the System, who kindly gave the writer his 
elaborate paper, published Revue Générale des Chemins Fer” 
January and March, 1898. This cost about double that 
roads, but the results are correspondingly good, the creosoted oak 
lasting years, and the creosoted beech being estimated last 
years the track, evidenced data for years, these data also. 
showing that untreated oak lasts about years. 


The road uses Vignoles” foot rails, and, already 
fastens them the ties lag-screws. Tarred tie-plates, animal 
felt, have heretofore been use, but are now replaced creosoted 
poplar tie-plates, which cost less than cent each, and are said 
giving perfect satisfaction. Two dating nails are driven each 
one the works, and the other when laid the track. 


GERMANY. 


far the largest proportion wooden ties laid Germany are 
home grown, and almost all are chemically treated before laying. The 
raw ties the first class are generally ft. 10} ins. long, 10} ins. face 
and ins. thick, and cost $1.32 $1.49 each for oak, and 
cents for pine. White beech costs about $1.00 per tie, and red beech 
controversy. About 500 000 oak ties are creosoted annually, and 
about 600 000 pine ties are treated annually with chloride zine. 
and creosote for the Prussian State Railway, the whole Germany 
probably taking about double those quantities. The German specifi- 
cations are very strict, and the raw ties are minutely inspected. 
there are incipient cracks, sharpened band hoop iron, bent into. 
the shape driven in, and the ties are piled isolated 
piles, well ventilated, season the receiving yards the treating 
works. There they remain, with casual inspection and more driving 


before they are treated, having the meantime become perfectly 
seasoned. 


the beginning the Railway each railroad company 
Germany erected its own works and treated its own ties, either with 
corrosive sublimate, with sulphate copper, with chloride 
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with creosote, but gradually there was evolution which curiously 
recalls that the Pullman Car Company the United States. Mr. 
Julius father, who had Jearned the business some French 
tie-treating works, erected plant two, took his son with him, 
and did much better work than the railroads did for themselves 
that the business gradually came into his son’s hands. the present 
time, Mr. Riitgers controls some twenty plants, while the Prussian 
State Railroad has four, and there are five more other hands. 

The general officer charge maintenance way the Prussian 
railways told the writer that although the State treated ties its own 
works somewhat cheaper than Mr. yet the latter much 
better facilities and controlled the proper quality chemicals 
thoroughly, that was preferred give him most the work con- 
tract, and operate the State plants The original reason 
seems have been that the railways which did their own work 
attempted undue economies skimping the chemicals and employ- 
ing cheap men, while Mr. Riitgers made specialty the business. 

Corrosive sublimate and sulphate copper are now practically 
given Germany, and the State Railway also abandoned Burnet- 
tizing the injection chloride itself 1897. There are 
now three processes use: 

(1) Impregnation with chloride and tar-oil. 

(2) Creosoting after seasoning and drying ovens. 

(3) Creosoting after desiccation hot tar-oil. 

The latest German specification (1898) for the first and third these 
processes given Appendix The method desiccating hot 
creosote, although introduced Mr. was originally proposed 

the German railways did not answer the questions Mr. Herzen- 
stein, such tabular statement can given those given herein for 
England and France, but through the kind assistance Mr. 
Privy Councillor Wetz, Holbein, and many others, the 
important facts were gathered, and access was obtained many tie- 
treating plants. 

The most notable thing Germany the painstaking care with 
which every operation performed. The ties are not treated until 
they are thoroughly seasoned, this generally taking six months one 
year after cutting and piling open piles the yards, most which 
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yards will hold one year’s supply. The chemicals are tested con- 
stantly, laboratory being attached each plant, each buggy load 
ties weighed before and after treatment, make sure that 
the ties have absorbed enough, and every little while each individual 
tie buggy load weighed and out. Thermometers are con- 
sulted constantly, and automatic recording gauges preserve diagram 
the vacuum and pressures attained, well their duration; the 
ties are allowed dry after treatment before they are placed the 
track, and, after they get there, well bedded deep ballast, further 
care exercised see that they are welldrained. The result that 
ties prepared the process, mostly pine, now last from 
years, and creosoted ties, mostly oak, are expected last 
from years. past time was not always thus, some 
beech ties creosoted having perished about soon some ties 
injected with chloride zine alone, but the results developed 
upon the roads Alsace-Lorraine, where beech ties, creosoted 
the French, were found sound after years exposure, 
have again brought the Germans favor the use beech creosoted, 
there being surplus that timber, heretofore disesteemed, the 
forests that country. 

able paper Mr. Schneidt, formerly Superintendent the 
Alsace-Lorraine Lines, published the German Railway Organ 1896 
and 1897, shows that the chloride zinc undoubtedly leaches out 
the ties time, and advocates the creosoting beech wood, either 
the process boiling hot oil, the process. 
shows that the former the more economical the two, notwith- 
standing its greater cost, taking view the high first cost the 
untreated ties Germany. 

The prices paid Germany for treatment, when reduced Amer- 
ican currency, are shown Tables Nos. and 


TABLE No. 


CHLORIDE. 


Zinc CREOSOTE. 


class. 
Cents per tie. 


class. 
Cents per tie. 


ist class. 


class. 
Cents per tie. 


Cents per tie. 


q 
7 
7 
q 
q 
4 
15.60 12.00 19.20 14,40 
12.00 9.12 15.60 12.00 
18.80 12.48 20.40 15.36 
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TABLE No. 
CREOSOTE AND DRYING 
OVEN. CREOSOTE. 
1st class. class. 1st class. class. 
Cents per tie. Cents per tie. Cents per tie. Cents per tie. 
26.85 20.16 28.80 21.60 


These prices are based upon the various amounts the antisep- 
tics which the different woods absorb, with careful work. already 
stated, treatment with chloride alone has been given up, and 
boiling creosote growing favor, computations annual 
charges for the renewals exhibit the fact that, notwithstanding the 
higher cost, impregnation with tar-oil the most economical, the 
long run. 

days gone by, some parties asked for guarantees before having 
ties treated the process, and such cases Mr. 
gers guaranteed the following lives: 


GUARANTEE GUARANTEE 
95% last..... years. 95% last..... years. 


computing the results, all ties treated first 
cover internal diseases which even the strict German inspection 
cannot detect, and the guarantee applies the remainder alone, Mr. 
Riitgers agreeing make the deficit good the extent either 
refunding the treatment price paid per tie, treating another tie free 
charge, his option. charges extra bonus pf., 2.40 
cents, tie for this, and the case Guarantee extra bonus 
pf., 2.40 cents, tie year, for every year’s life over the guaran- 
tee. point fact the character his work now well estab- 
lished that his customers prefer save the bonus and take their own 
chances life ties. 


Particular attention called the German specifications for creo- 
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sote, and the amount chloride zine injected connection 
therewith. The latter amounts lb. dry, per cubic foot. 


The leading features tie treatment Europe are, therefore, the 
following: 


Close inspection raw ties, rejecting all defects. 

Thorough seasoning for months before treatment. 
Constant testing chemicals; strength, purity, etc. 

Injection liberal quantities the chemicals. 

Minute care all the stages impregnation. 

Drying the ties after injection. 

Methods fastenings superior our own. 

Deep ballast, and thorough drainage. 

Marking with dating nails, and careful records. 


Thus appears that the Europeans are now getting longer 
service out their ties than obtained the United States, Mr. 
Curtis having shown, his paper* read before this Society May 17th, 
that average life years being obtained the use 
chloride this country. would possible obtain life 
years the use creosote, but will seen, from the 
figures given, that this would cost three four times much 
chloride. Thus, present prices, would cost cents each 
creosote according English and years’ life would 
obtained; would cost about cents each creosote after the 
best French German practice, and years’ life would ob- 
tained thoroughly drained ballast; but would not economical 
spend such sums upon ties costing cents each untreated, 
while economical spend them upon ties costing from cents 
$1.50 each abroad. 

must content, therefore, either allow our cheap ties 
decay the good way, adopt for the present some the 
cheaper and inferior methods which will produce shorter lives than 
obtained Europe. the light past experience, those cheaper 
methods may said three number: Ist, straight Burnettiz- 
ing; 2d, the process, and 3d, the zinc-creosote process. 


Transactions, Am. Soc. E., Vol. xlii, 288. 
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The writer satisfied that the zinc-tannin process, modified 
himself 1896, superior straight Burnettizing, and that the 
record the next few years will demonstrate this, yet desirous 
doing still better work, and went abroad chiefly investigate 
the process. now thinks that probably superior 
the process, although part the greater life shown 
records attributable other causes, such the better ballast and 
drainage, and the better modes fastening, well the climatic 
conditions. There are, however, some serious difficulties over- 
come before the process can introduced here. Suitable tar-oil, 
described the specifications Appendix just now very scarce 
and high price, high that the freight, the leakage and the cost 
the barrels render the cost almost prohibitory. The writer took over 
with him two samples American creosote from different makers, 
and had them analyzed Berlin, where they were pronounced Mr. 
chemist quite unfit for tie preserving the zinc-creosote 
process. The writer brought back samples the German tar-oil, and 
now endeavoring procure similar product this country. 
also investigating, far can, the merits various new pro- 
cesses which are being advanced from time time, with the hope 
finding some method which can recommend. 

The principal dilemma, with reference new processes, the fact 
that takes half business lifetime (15 years) ascertain 
beyond peradventure whether antiseptic method thoroughly 
efficient preserve ties the track; yet may possible isolat- 
ing the bacteria and fungi which are most destructive wood, and 
inoculating chips and shavings with the cultures, draw some ap- 
proximate conclusions the course few months. Meanwhile, 
recommended that the railroads shall give trial orders the various 
parties who offer plausible processes, and then expose the treated ties 
such locations admit careful record and watching the 
results. 

The principal new processes are follows: 

The Creo-Resinate process was described 
paper presented this Society Kummer, Jun. Am. 
E., June 6th, 1900.* proposes the use creosote and resin, 
both preservative substances, which percentage formal- 


Proceedings, Am. Soc. E., May, 1900. 
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dehyde added. may questioned whether the latter vola- 
tile substance will stay the wood, but the process well worth 
trying, provided sufficient quantities the chemicals are injected. 

The Water-Creosote Process.—This consists injeeting emul- 
sion creosote and water, and being experimented with Berlin. 
The writer expects have samples sent him this year. 

The Hasselman Process.—This consists boiling the wood 
solution the sulphates copper and iron, with alumina and 
possesses the merit being cheap, and some ties pre- 
pared that way have now been three years the yard tracks 
Berlin. Works have been started Perth Amboy, J., work this 
process. 

The Allardyce Process.—This consists the injection chloride 
zinc, followed second injection tar-oil. similar process 
was patented the late Card, Assoc. Am. Soc. E., 1882, 
but neither nor the writer, who subsequently became his partner, 
ever succeeded doing good and regular work therewith, notwith- 
standing many experiments. 

The Naphthenic Acid Process.—This consists injecting the wood 
with solution copper which has been dissolved acid obtained 
peculiar process the distillation Russian petroleum. 
stated theoretically effective and cheap, but American petroleum 
differs much from the Russian chemical constituents, that 
yet question whether the naphthenic acid can produced 
this country. 

Laboratory tests are sometimes misleading. They show, for instance, 
that bichloride mercury and sulphate copper, antiseptics, are 
superior chloride zinc, and yet the latter preserves ties better. 
with carbolic acid, which stated Mr. Boulton less effi- 
cient than the heavy oils creosote. Such criticism, however, does 
not apply the laboratory tests the strength and purity the 
materials used, and there are three features the European practice 
which would well imitate this country. They are the fol- 
lowing: 

The careful testing, chemically, the antiseptics injected. 


The uniform injection the wood with stated and liberal quan- 
tities the antiseptics. 


The adequate seasoning the wood before treatment. This 
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now generally neglected the United States, and yet the most 
important requirement obtaining good results, for, otherwise, the 
antiseptic will not uniformly distributed, and some portions the 
ties will decay before others. 

Originally, the works the writer, ties were treated the order 
their arrival, and without regard their condition. The result was 
that years some were found decay much advance 
others. Experiments, made weighing considerable numbers indi- 
vidual ties before and after treatment, disclosed the fact that there 
were great differences the absorption, and later years arriving ties 
have been tested, sorted out, and seasoned case need, 
obtain uniformity treatment, with the result that the average 
absorption chloride zinc now two and one-half times much 
was years ago. 

From his experience, the writer satisfied that the ties are 
injected with reasonable uniformity and with the equivalent 
dry the cubic foot, done Germany, straight 
Burnettizing makes them last years the track, with ordin- 
ary exposure; while perhaps half that quantity will produce the 
same result the more arid regions the United States; that the 
new zinc-tannin process will impart them life years, 
and the zinc-creosote process may extend this years. 

cannot, however, too strongly insisted upon that the work 
must well and skillfully done, for, otherwise, the results are sure 
disappointing. 
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LONDON, BRIGHTON AND SOUTH COAST RAILWAY 
COMPANY. 


SPECIFICATION AND CONTRACT FOR CREOSOTED REDWOOD 
SLEEPERS. 


This proposed contract for the supply and delivery 

any less number that the Directors may decide accept. 

The dimensions are the customary 9-ft. length (say ft.) 
ins. rectangular, cut from square blocks out which 
more nor less than two sleepers can sawn (no centers will 
accepted). 

The quality shall the best Baltic redwood fir good condi- 
tion, free from shakes, dead knots, and other defects. 

Sixty per cent. the sleepers have one side flat surface 
not less than ins. wide throughout the length, and the remainder 
have that side flat surface not less than ins. wide throughout the 
length. All sleepers have flat surface not less than ins. wide 
the other side with sharp edges throughout the length. 

Ninety per cent. the sleepers have not less than ins. and 
the remainder not less than ins. diameter heart both ends. 

The blocks from which the sleepers are cut must last 
autumn’s the port shipment; any delivered ear- 
lier deflotation will rejected. 

The sleepers are cut and stacked from four six months 
(or until they are considered sufficiently dry the Company’s Engi- 
neer his Inspector) before they are creosoted. They are adzed 
plane for width ins. each end for the chair seating, 
and such other percentage may required, are bored 
with eight holes, namely, two ins. diameter each end (for tre- 
nails) and two diameter each end (for spikes). template, 
showing the position these holes, will provided the Company, 
and the Contractors must bore the holes exact it, and perfectly true 
through the sleepers. 

The sleepers will inspected the Contractor’s wharf before 
being creosoted, and the Engineer shall have power, personally 
deputy, reject any sleepers may consider inferior, either qual- 
ity timber from any deviation from the specification, and his 
decision the matter shall final. 
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Thesleepers, when sufficiently dry, are placed wrought- 
iron cylinder, and when closed vacuum created air-pumps. 
The creosote, temperature 120° Fahr., allowed enter 
the exhausted cylinder, and afterward maintained there pumping 
pressure not less than 120 lbs. the square inch. The sleepers 
are kept under this pressure until each sleeper has absorbed 
least galls. creosote the average, the quantity ascertained 
weighing.* Any charge sleepers not giving the average impregna- 
tion least galls. returned the cylinder for further treat- 
ment. 

10. The creosote pure coal-tar distillate the very best 
quality, free from water and all impurities, and analysis give the 
following 


entirely liquid temperature 120° Fahr., and 

contain not less than constituents that not dis- 
til over temperature 600° Fahrenheit. 

volume tar acids. 

The specific gravity 90° Fahr. range between 1.040 and 
1.065, water being taken 1.000 the same temperature. 


11. The Contractor supply copy the analysis each 
delivery the creosote oil used, the terms the Specification, and 
the Engineer shall liberty take samples the oil from time 
time and have the same tested, the Contractor paying the cost the 
analysis the extent one analysis for each sleepers. Any 
additional analysis made the Company’s expense. 

12. Delivery shall made alongside the Company’s New Haven 
and Deptford Wharves, either the rates mentioned below, the 
option the Company’s Storekeeper, until the Contract completed. 
Delivery Deptford will taken open barges containing not 
more than 800 sleepers each. The craft regular turns for dis- 


continue the rate sleepers per week. 
continue the rate sleepers per week. 


13. Should the Contractor fail deliver the sleepers, any por- 
tion them, stipulated Condition No. 12, the Directors may 
cancel the Contract the residue thereof, and obtain other supplies 
such manner they think fit, and the Contractor shall pay the 
Company any extra cost and expenses incurred such failure, the 


practice one trolley weighed out each charge.—O. 


- 
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Directors may deduct the amount from any sum then due becoming 
due the Contractor. 

14. The shipping port ports must named the Tender; and 
more than one port, the number sleepers proposed shipped 
each port must also given. Bills lading produced the 
Contractor when required. 

15. The price per sleeper include every charge except wharf- 
age and landing the Company’s wharves. 

16. For sleepers delivered and approved during one month, pay- 
ment will made the Company’s next pay day cash, 
less discount, provided the Company have claim the Con- 
tractor specified Condition No. 13. case any dispute aris- 
ing between the Contractor and the Company their agents the 
meaning any the terms and conditions this Contract, the 
decision the Company’s Engineer shall final and binding upon 
all parties. 

17. The Contractor shall, required, enter into and sign formal 
Contract with the Directors, and find good and sufficient surety 
guarantee its proper fulfilment; the expense such Contract and 
Bond paid the Company. 

18. The Directors not bind themselves accept the lowest 
any Tender. 

19. The Tenders are returned post, addressed The 
Secretary, L., R., London Bridge, E.,” and must reach 
endorsed the outside cover Tender for Sleepers.” 


Storekeeper. 
GENERAL OFFICE, 


New Cross, 


4 pes) 
{ 
Signed, 
| 
q 
> 
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NORTHERN RAILWAY COMPANY, 
FRANCE. 


For furnishing beech ties usual shape, creosoted the new 
process, called Thermo-Carbolization. 

Article 1.—The present specifications refer the furnishing 
ordinary ties for the extension and maintenance tracks upon the 
Company’s various lines. 

Article ties shall beech, creosoted the new 
process (called Thermo-Carbolization). 

Article 3.—The ties shall rectangular, present one the 
sections shown Figs. and 


<—-min. 4.4 ins.--—+> <——-—minimum 7.5 to 9 ins———-» 


The top and bottom faces shall sawed, the sides may hewed. 

The bottom face, which rests the ballast, shall square edged; 
the two lateral sides shall without wane, for minimum height 
The top face shall least 4.4 ins. wide the middle, and 
for the whole length the tie. 

The minimum dimensions the ties shall follows: 


Article 4.—The ties shall practically straight. bowed side- 
ways the incurvation shall not more than the whole length. 
All ties will rejected whose bottom face longitudinally bowed, 
being either convex concave. 

The ties shall sawed off square the ends. 

Article 5.—The beech wood must perfectly sound and the 
best quality. shall neither heart-shaken, nor frost-split, nor 


| 
1 
q 
‘ 
<————- minimum 10.2 ins. -—-————> <-—— —-—-tninimum 10.2 
a 
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brashy, nor worm-eaten. shall exempt from doziness, rotten 
knots, cracks, splits, bad knots, red-heart any other defect. The 
trees shall felled between the 1st November and the end 
March. They shall worked into ties continuously, which work 
shall completed the end April. Timber will which 
has been felled before the November, not worked before 
May Ist. 

All the ties shall completely barked. fast the ties are 
they must piled carefully, cob-fashion. The Chief Engineer 
the Company reserves the right putting inspectors follow 
the felling and manufacture the ties various points. 

Article 6.—The untreated ties will all most carefully inspected, 
both quality and dimensions. Those accepted will stamped 
the ends with the Company’s marking hammer. 

All the sticks with any dimensions less than the limits stated 
Article will rejected. Those with greater dimensions than 
required may accepted, but allowance will made for 
size, the ties being purchased the piece, and not the cubic 
meter. 

good quality, and otherwise acceptable, shows crack 
likely spread open, the Contractor shall bolt the two parts 
insert the end, his own expense. tie split open at. 
the end for its whole width thickness shall rejected. 

The rejected ties will left the hands the Contractor the 
point inspection; they will marked preclude them from 
being again offered for inspection. 

Article 7.—The untreated ties must well seasoned before prepa- 
ration, and, far possible, adzed and bored the Company, fit 
the rails and the lagscrews. The seasoning will tested weighing 
ties haphazard. The weight the timber, thus ascer- 
tained, must not more than 46.7 per cubic foot. 

Article 8.—The ties will injected with creosote the new 
the ties are subjected the two following operations: 

They are enclosed cylinder boiler plate and subjected 
current steam mixed with creosote oil vapor for length time 
sufficient insure, during the second operation, the absorption the 
prescribed quantity creosote. 

The cylinder containing the ties then filled with 
quantity crude creosote. This liquid, maintained temperature 
least 140° Fahr., compressed the cylinder steam five 
atmospheres from the generator, during sufficient length time 
that the total quantity creosote injected into the wood, both 
vapor and liquid, shall least 24.4 per tie. 


Since increased 35.2 per tie. 


q 
4 
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the Engineer the Company deems advisable increase this 
quantity creosote, the Contractor will comply with the indications 
which may receive relating thereto. 

Article 9.—The creosote shall consist the mixture volatile prod- 
ucts heavier than water distilled from coal-tar produced gas- 
works. shall contain least carbolic acid, analogous 
products soluble caustic soda. shall entirely soluble ben- 
zine, and completely liquid temperature 122° Fahrenheit. 
must, moreover, conform the samples which the Contractor shall 
submit the Company’s Engineer. 

The Contractor shall specify from what gas-works each shipment 
creosote received. 

Article 10.—The Company shall take cognizance all the opera- 
tions relative the inspection the wood, through inspector ap- 
pointed the Chief Engineer. Such Inspector shall satisfy himself 
the thorough application the Blythe” process, shall keep 
accounts the wood injected, and shall verify the results the in- 
jection. will report, upon special blank, the following points 
for each operation: 

The length time application the mixed steam and oils 
coming from the vaporizer, well the final pressure this opera- 
tion, which must least five atmospheres. 

The time occupied filling the cylinder with crude creosote, 
the final pressure and the quantity liquid absorbed during this 
operation. 

The quantity crude creosote introduced the vaporizer and 
the lower reservoir. This quantity shall not less, for ten con- 
secutive operations, than average 24.2 lbs. per tie injected. 

Finally, the inspector shall keep exact account the total 
quantity creosote which the Contractor shall receive the works 
for injection, check the amount liquid absorbed during 
each season’s work. 

The Chief Engineer the Company reserves, moreover, the right 
using any other checks which may deem desirable control 
the quantity creosote injected into the wood, either mixture 
vapors the liquid state. 

The royalties paid Mr. Blythe others for the use the 
patents, etc., will the sole charge the Contractor, who guaran- 
tees the Company against any claim this nature. 

All experiments made the Company ascertain whether the 
creosote good quality, and the injection the wood com- 
plete, shall the charge the Contractor. 

Article 11.—Upon being withdrawn from the cylinder the ties shall 
inspected one one order ascertain whether the injection 
homogeneous and whether the quantity 24.2 lbs. has been duly 


q 
3 
4 
3 
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absorbed each. This last verification shall effected described 
Section Article 10. 

Such ties may incompletely injected, fact which shall 
established cutting into them with gouging adze, shall sub- 
jected second operation, even third, after which they may 
declared, case need, unfit for injection, and finally rejected, 
well those ties which may deformed the action heat 
the cylinder. 

The Contractor shall make extra charge for these repeatings 
treatment, and shall, moreover, either insert bolt into any 
tie which shall split during the treatment. 

The ties accepted shall counted and either immediately loaded 
cars piled some point designated the Company’s agent. 
The ties rejected shall receive special mark the rail seat and will 
piled special points indicated the Contractor. These 
ties shall only taken away upon authority given the Engineer 
the Company, who may hold them until the season’s contract 
filled, avoid their being again presented for inspection 
agents. 

Article 12.*—The final acceptance the ties shall only take place 
six months after the full delivery the season’s contract. 

Until this final acceptance the Company reserves the right reject- 
ing any ties which may possess defects not detected upon first in- 
spection, which may split reason bad quality wood. 

The ties rejected will surrendered the Contractor the 
point delivery, who shall either deduct them from his bill furnish 
other ties required the Company. 

Article 13.—The Contractor shall governed, save such modifi- 
cations result from the present specifications, the clauses and gen- 
eral conditions imposed upon contractors doing work for the Northern 
Railway Company, through the Rules drawn September 26th, 1892, 
the Chief Engineer the Ponts Chaussées, Chief Engineer 
Maintenance Way, approved October 2ist, 1892, the Executive 


Committee said Company, and registered Paris the 28th the 
same month. 


The same contractor furnishes the ties and treats them. 


q 

3 

4 
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IMPERIAL RAILWAYS ALSACE-LORRAINE, 
GERMANY. 


Section 1.—For pine ties, the impregnating fluid solution 
chloride zinc with addition coal-tar oil containing carbolic 
acid; for beech oak ties hot coal-tar oil containing carbolic acid 
must used. 

Section 2.—The process impregnating chloride zine solu- 
tion, with addition coal-tar oil containing carbolic acid, divided 
into three parts. 


Steaming the ties. 

Production partial vacuum and admission the impreg- 
nating fluid. 

Compression (forcing in) the impregnating fluid. 


The ties are loaded iron cars, which are pushed into the im- 
pregnating cylinder, this closed air-tight, and they are exposed 
the action steam; steaming continued for longer shorter 
period, according the time year and the condition the ties. 
The admission steam into the impregnating cylinder must regu- 
lated such manner, that inside pressure 1.5 atmospheres (22 
per square inch) above air pressure reached within minutes. 
For dry ties will suffice maintain this pressure the impregnat- 
ing cylinder for minutes longer, but for green ties should kept 
for another hour. For dry ties, therefore, the steaming takes 
least hour, while for green ties least hours are necessary. 
gauge attached the cylinder indicates existence the specified 
pressure. The valve the bottom the cylinder must opened 
admitting the steam, order that the air contained may 
driven out, but should closed when steam begins blow out. 
This valve should opened repeatedly, fast steam condenses; 
open least every half-hour draw off the water, and for the 
last time just before exhausting the air. When steaming finished, 


the steam remaining the impregnating cylinder allowed 
escape. 


After steam discharged partial vacuum produced the 
cylinder containing the ties, until the vacuum gauge shows the 
least column mercury cm. (23.6 ins.); this partial vacuum 
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must maintained for ten minutes. expiration this time, 
while continually preserving the partial vacuum, allow the impregnat- 
ing fluid, which meanwhile has been prepared separate vessel and 
heated least 65° Cent. (149° Fahr.), enter the impregnating 
filling entirely. prepare the impregnating fluid, add 
while heating, kgr. coal-tar oil every kgr. the solu- 
tion zine chloride. 

insure perfect mixture the solution chloride with 
the coal-tar oil possible, effective stirring apparatus, combined 
with injection steam and air, must applied. 

Next, pressure pump used exert excess seven atmos- 
pheres above air pressure. This pressure maintained for not 
less than minutes; necessary, continue for longer time, 
until the ties have absorbed certain amount impregnating fluid 
specified hereafter. The impregnating then run off. 

The chloride zinc solution intended for impregnating must 
nearly possible free from foreign substances, and there must 
free acid. admixture other metals, notably iron, can only 
allowed very slight percentage and only cannot avoided 
the manufacture. The solution must have strength 3.5° 
Beaumé 1.0244 specific gravity temperature 15° Cent. (59° 
Fahr.). The solution contains 1.26% metallic 

The coal-tar oil used must not contain over oils that boil 
below 125° Cent. (257° Fahr.). must little volatile that 
its boiling point lies mainly between 150° and 400° Cent. (302° and 
752° Fahr.). case permissible have more than 25% its 
weight volatilized below 235° Cent. (455° Fahr.). 
least acid substances (creosote oils resembling carbolic 
acid) that are soluble caustic lye soda specific gravity. 
The coal-tar oil must entirely liquid 15° Cent. (59° Fahr.), 
and much possible free from naphthaline, that evaporation 
(fractional distillation) produced glass vessel groups 50° 
each, shall leave residue not more than naphthaline. Its 
specific gravity should not less than 1.020 temperature 
15° Cent. (59° Fahr.) and should not exceed 1.055. remove such 
impurities from the impregnating are due the process, 
suitable settling (clarifying) apparatus should provided. 

The Contractor required report where obtains his supplies 
solution and coal-tar oil, intended for use, and 
furnish samples the same the Supply Office the Imperial Rail- 
ways Strassburg Alsace before commencing impregnate. 
will permitted purchase the solution zinc chloride and the 
carbolized oil coal-tar only from such factories whose samples have 
been approved the Management the Railways. The Railway 
Management reserves the right test the fluids used any time. 
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specified that the average absorption impregnating 
contained every charge the cylinder shall the following: 

Absorption kgr. (77 for each tie the first class, 
length 2.70 (8.85 ft.). 

Absorption kgr. (57 for each tie the second 
class, length 2.50 (8.2 ft.). 

Absorption 310 kgr. per cubic meter (19 lbs. per cubic 
foot*) for ties other dimensions. 


determine the amount impregnating fluid absorbed the 
ties, the following method must adopted: 

Weigh all ties platform scale placed under roof immediately 
before steaming them, and again after impregnating when dripping 
has ceased. The difference weights equals amount impregnating 
fluid absorbed. deduction pfennigs per kgr. (16 cents per 
100 Ibs.) will made for shortage shown this weighing test. 
case the shortage amounts more than one-sixth the absorption 
specified, the impregnation must repeated. If, the other hand, 
the weighing shows that the ties have absorbed more than the amount 
specified, bonus pfennigs for every kgr. (16 cents per 100 
will paid for such increase, maximum per cent. 

Section 3.—The work impregnating with hot carbolized oil 
coal-tar (i. e., oil coal-tar containing carbolic acid) must divided 
into two parts. 

Drying the ties, e., withdrawing water from them. 
Introduction oil coal-tar under pressure. 

The ties are run into the impregnating cylinder and this closed 
air-tight. Next, partial vacuum, equal least cm. (23.6 ins.) 
column mercury, produced the impregnating cylinder and 
maintained for minutes, and thereupon, while keeping the 
vacuum, the hot oil coal-tar made flow rises 
level that will prevent sucking over the air pumps. The flowing 
the coal-tar oil may accomplished all once intervals, 
according the dryness the ties. While thus filling up, and after- 
ward, the coal-tar heated inside the cylinder least 105° 
Cent. (221° Fahr.), but not higher than 115° Cent. (239° Fahr.), 
means steam coils. This heating should accomplished during 
space time not less than hours. When this temperature 
reached the impregnating cylinder, must kept for another 
hour, either with without the partial vacuum, may judged 
necessary, order that the ties may absorb the specified amount 
oil coal-tar. 

The impregnating cylinder connected with pipe condenser from 
the instant that filling with hot coal-tar oil commences, and all the 


*3.5° corresponds dry zinc chloride. Hence, 2.62% amounts 0.498 
Ib. dry zinc chloride per 
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aqueous vapors driven out the ties are condensed this, the water 
being carried This receiver must have water gauge from 
which one can read off the amount water evaporated from the ties. 

After the drying the ties the extraction water from them 
finished, the impregnating cylinder filled completely and the press- 
ure pump started, which must produce pressure least atmos- 
pheres. This pressure maintained for least minutes 
treating beech ties and minutes for oak ties, unless proves neces- 
sary prolong the time obtain the amount absorption specified. 
The oil coal-tar then drawn off. 

The coal-tar oil used must heavy oil, derived from the distillation 
coal-tar, greenish black color, gravity 1.045 1.100 
15° Cent. (59° Fahr.), boiling point between 150° and 400° Cent. (302° 
and 752° 

While making fractional distillation oils must pass over below 
150° Cent. (302° Fahr.) and not more than 25% the volume tem- 
perature 235° Cent. (455° Fahr.). 

The coal-tar oil must contain volume least 10% carbolic 
acid and, temperature 15° Cent. (59° Fahr.), must free from 
naphthalene and show sediment. 

determine percentage carbolic acid apply agitation the oils 
heated 400° Cent. (752° Fahr.) witha caustic solution soda 
specific gravity 1.15. The difference volume oil before and 
after agitation gives percentage carbolic acid. 

The Contractor required state source supply for his coal-tar 
oil and furnish samples the Supply Office the Imperial Rail- 
ways Strassburg before commences work impregnation. The 
coal-tar oil can only purchased from factories whose samples have 
been approved the Railway Management. The Railway Manage- 
ment reserves the privilege any time testing the coal-tar oil used. 

specified that the average absorption coal-tar oil for every 
charge the cylinder shall be: 

For one railroad tie, class, 2.70 (8.85 ft.) long, oak wood, 
kgr. (24 beech wood, kgr. (79 Ibs.). 

For one railroad tie, class, 2.50 (8.20 ft.) long, oak wood, 
kgr. (18.6 beech wood, kgr. (61.6 

For ties other dimensions per cubic meter (35.3 cu. ft.), oak 
wood, 100 kgr. (220 beech wood, 325 kgr. (715 

determine the amount coal-tar oil absorbed the ties, these 
are weighed before the impregnation and again after it, when dripping 
oil has ceased, using platform scale placed under roof. The 
difference weight amount coal-tar oil absorbed. Correct the 
weight the ties before impregnation deducting from weight 
water delivered condenser the tank and obtained from the vapors 
distilled while drying hot coal-tar oil, weight ties reduced 
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this extent drying process. examination proved 
that absorption amounts less than five-sixths that specified, the 
impregnation must repeated. 

For every shortage coal-tar oil shown above test, deduction 
pfennigs for kgr. (54.5 cts. per 100 Ibs.) will made, but, 
the other hand, increase absorption will paid for the same 
rate, maximum 15% increase being the limit such payment. 

Section 4.—The Contractor required give eight days’ notice 
the Supply Office the time intended commencing impregnate 
ties, order that the office may send official supervise same. 
This official must freely admitted all times the plant the 
Contractor, and all desired information must readily furnished 
him. The Contractor must furnish all necessary appliances, appa- 
ratus and labor make tests without charge. 

Section 5.—In case the Contractor does not supply his own ties, 
the parties furnishing them will required deliver cars 
the station nearest the impregnating works, provided they are 
shipped rail; ties delivered wagon other conveyance will 
delivered loaded storage yards the factory without charge. 

The hauling ties from the station factory will the 
expense the Contractor for impregnation. has also provide 
for unloading, piling and handling ties per regulations. The 
Contractor will paid for this labor the amount pfennigs (1.92 
cents) for each track tie and pfennigs (0.96 cent) for each switch tie 
1m. These prices cover the expense labor and tools required 
receiving green ties, well that reloading rejected ties; pay- 
ment for made only once. 

Section Contractor for impregnating held liable for all 
damages and loss ties that may occur from the time they are 
delivered him the railroad station, his works, long 
ties remain his works. This liability includes losses fire occur- 
ring the impregnation works and theft committed while ties 
remain there. The Contractor must pay the value all missing ties 
such become unserviceable previous their return after im- 
pregnation, but not liable for splitting. is, however, required 
furnish without charge all necessary §-hooks and bolts for drawing 
together the cracks occurring during storage, and has drive put 
these according directions the supervising official. 

When ties are turned over the Contractor for impregnation, they 
are already supplied with needed draw together all existing 
Each beech track tie also fitted with two iron bolts running 
through it, about cm. ins.), from each end the direction its 
breadth. his duty, therefore, supply, without charge, only 
‘such §-hooks and bolts may needed thereafter, and the same 
kind, and fasten them. 


j 
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Section receiving the green ties they must piled the 
factory such way that air will circulate freely around each one. 
Each pile only have length and breadth equal length one tie, 
and must contain 100 ties. The lowest layer ties must rest solid 
supports, that they will never touch the ground. Storage yards 
must thoroughly drained and have ditches needed. Open spaces 
are left between the piles, which spaces must measure cm. (32 
ins.) one direction and have width (16 ins.). This piling 
ties must finished the latest days from receipt same. 
Date piling plainly marked each pile. 

For delay completing impregnation ties beyond time fixed 
contract, unless previous express and written permission the Im- 
perial General Management has been obtained, the latter will collect 
penalty from Contractor for such delay, amounting the 
Contract value the unfinished impregnation per week such 
delay. 

Section 9.—The Railroad Management reserves the right employ 
the Contractor for impregnation adze surface ties places for 
bed-plates rails, well bore holes for fastenings, such work 
becomes necessary. This work done direction supervising 
official and before impregnating. 


Strassburg, 


Imperial General Management 
Railways Alsace-Lorraine. 


Acknowledged: The preceding contract 
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SEPTEMBER, 1900. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


EXPERIMENTS THE FLOW WATER THE 
SIX-FOOT STEEL AND WOOD PIPE LINE 
THE PIONEER ELECTRIC POWER 
COMPANY, OGDEN, UTAH. 

SECOND SERIES. 


Discussion.* 


Am. Soc. E., and Esq.—It seems unnecessary 
add the discussion the degree reliability the results, 
already given the writers, the paper the experiments 1897. 

The questions raised Mr. Henny have already been answered 

far the writers are able answer them. possible that they 
underestimate the importance exterior measurements the pipe 

the trestles. so, regretted that Mr. Henny did not 

make complete set such measurements seemed him de- 

sirable. The writers are informed Chief Engineer Bannister that 

many measurements the interior diameter were made after the pipe 

was built, and that appreciable departure from the estimated size 

was found. The writers certainly have interest maintaining 

that wood pipe offers greater resistance flow than smooth iron pipe. 

Neither are they possession the data requisite for deciding the 


*Continued from August, 1900, Proceedings. See February, 1900, Proceedings, for 
aper Charles Marx, Am. Soc. E.; Charles Wing, Assoc. Am. Soc. 
and Hoskins, E., this subject. 
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question. They do, however, feel warranted the belief that the 


priori estimates the capacity large stave pipes which have been and Hoskins. 


published some writers are far too great. 

hard believe that the elaborate discussions Mr. Williams 
and Mr. Fenkell are intended serious contributions hydraulic 
literature. Certainly, competent engineer likely regard seri- 
ously the proposition that many reliable observations 
are proved nothing more than crude the 
fact that they fail show losses head varying the square the 
velocity. Neither will conclusions which are based upon this 
the change capacity the Ogden conduit, tothe 
value the results presented the paper, likely meet with 
acceptance. 

The supposition that the passage water from the 9-ft. tunnel into 
the 6-ft. pipe generates spiral motion sufficient affect the 
pressure readings Station ft. from the tunnel, and no- 
ticeable even Station 733 ft. from the tunnel, does not appearto 
the writers intrinsically probable, supported the 
gauge readings Stations and 

the discussion brings out somewhat diverse views upon the ques- 
tion the change capacity the conduit between the dates the 
two series experiments, may well refer again this 
question. 

the discussion the degree reliability the first series 
results,* the fact was emphasized that impossible determine 
very precise values the coefficient for low velocities, the reason 
being that given error the measurement pressure causes 
error the estimated value which far greater low than 
high velocities. While fully realizing this fact, was thought best 
extend the observations low velocities practicable, not 
only because was hoped that these observations might not wholly 
without value themselves, but because the desirability com- 
parison with the results recorded others, many which, particu- 
larly upon stave pipes, have been made low velocities. appears, 
however, unsafe base conclusions change capacity upon 
the results obtained velocities less than about ft. per second. 

regards the steel pipe, the observations 1899 probably show, 
with somewhat higher degree precision than the earlier series, the 
law variation loss head with velocity. believed, however, 
that both series results for the higher velocities may accepted 
for the purpose making fairly correct estimate the change 
capacity the pipe. The results shown Table indicate that 
the loss head for given velocity was about 13% greater June, 
1899, than August, 1897. 


Transactions, Am, Soc. E., Vol. xl, 560. 
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Turning next the wood pipe results, must remembered that 

and Hoskins. the curve loss head for the experiments 1899, shown Plate 
XVII, based wholly upon the observations the long section 
pipe above the tunnel, that the two curves shown are not directly 
comparable for the purpose estimating change capacity. 
cannot assumed that the two portions pipe should give identical 
values the loss head per thousand feet length, especially when 
the different conditions curvature are considered. The observa- 
tions 1899 the short section pipe are not sufficiently numer- 
They do, however, show fair agreement with the results 1897, the 
only exceptions this statement being Groups and both taken 
low velocities. The conclusions that appear warranted are: 

(1) That the capacity the short section wood pipe changed 
only slightly, all, during the interval between the two series ex- 
periments; and 

(2) That 1899 there was important difference capacity be- 
tween the two portions experimented on. 

The question, suggested the writers and further referred 
Mr. Kuichling, whether the loss head the Venturi meters 
may not have increased, appears not admit certain answer. 
Some light perhaps thrown the question considering how the 
general results must corrected assumed that there has been 
increased loss head the Venturi proper. This assumption 
would require the estimated velocities decreased, thus increas- 
ing the value found for the loss head any given velocity. This 
would imply greater diminution capacity the steel pipe than 
above estimated, with like result for the wood pipe. Attention 
has already been called* the fact that assumed that the 
observed increase the loss head between the first and third col- 
umns the difference gauge chargeable wholly the part the 
pipe between the throat and the down-stream section, this increase 
agrees well with that computed for the 6-ft. steel pipe. The most 
probable view appears the writers that the Venturi meter 
coefficient remained practically constant. 

The suggestion that the registration the meters should 
tested might well have been accompanied suggestion specific 
means accomplishing it. practicable method occurred the 
writers. 

Regarding the desirability examining the interior surface the 
conduit, should said that the commercial operation the plant 
does not admit shut-down sufficient length time permit 
draining the one mile steel pipe, much less the five miles wood 
pipe, unless damage the plant should necessitate such draining. 


Proceedings, Am, Soc. E., 1900, 126. 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


PROPOSED METHOD FOR THE PRESERVATION 
TIMBER. 


Discussion.* 


Assoc. Am. Soc. (by letter).—In discussing the Mr. Boggs. 


paper Walter Curtis, Am. Soc. E., the writer gave the 
results some observations creosoted pine ties along the line 
the Houston and Texas Central These ties had seen 
years’ service, and was estimated that fully the original 
number was yet the track. The objections them were: First, 
the soft wood used, which permitted the rail cut into the timber 
very badly; Second, their high price. 

These observations were recently confirmed Howe, Am. 
Soc. E., the present Engineer Maintenance Way, and 
Quinlan, Am. Soc. E., the General Manager that road, 
late issue Engineering News. Twenty years ago Bethell’s process 
was still its infancy, and, owing its excessive cost, managers hesi- 
tated use it, except very limited extent; but with the facts 
deduced from our past experience, certainly none can justly say that 
process has yet been discovered which can fully depended 
upon” for the preservation timber, and appears the writer that 
the time for hesitation past, especially when consider the 
depleted condition our forests. 


Continued from August, 1900, Proceedings. See May, 1900, Proceedings, for paper 
this subject, Kummer, Jun. Am. Soc. 


Transactions, Am. Soc. E., Vol. xlii, 348. 
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The writer has seen some rotten creosoted piling, but nearly 
every case this was caused the bridge carpenters cutting off the 
ends the sticks after the piling was driven and neglecting apply 
the hot preservative the exposed end, thereby permitting 
absorb moisture from the atmosphere for days and sometimes weeks 
other cases this decay may attributed the treat- 
ment defective timber. 

The writer has never been troubled with rot caused the check- 
ing the creosoted pine timbers after they were the structure. 

unfortunate that great many our co-workers imagined the 
poorest class timber the best for creosoting purposes, because 
has given rise the fallacy that the timber much weakened 
the process.” The fact is, the timber properly treated, the dead 
oil neither adds nor detracts from its strength; but, nearly every 
case, comparisons are made between the very poorest and the very best 
material, the result being the hastily and erroneously drawn conclu- 
sion that process weakens” it. The writer has seen 
oughly creosoted piles sometimes break but close investi- 
gation each instance has shown that originally they were the 
poorest pine, such known the Loblolly that they were 
stacked the yard out for two three months before being 
treated, and were, fact, rotten before the oil ever touched them. 

Montfort, Am. E., Chief Engineer the Louisville 
and Nashville Railway, better position than anyone known 
the writer speak with authority the action the teredo 
creosoted piles, his line traverses number salt water inlets 
along the Gulf Coast, and probably owns one the oldest creosoting 
plants the country. the writer’s impression that has 
entirely abandoned treating his piling, and now protecting with 
salt-glazed sewer pipe, creosoting did not protect against the teredo. 
The Gulf, Colorado and Santa Railway had similar experience 
Galveston, Tex. About the year 1881 they built creosoted pile 
trestle, about miles long, across Galveston Bay. lasted about 
years, and was then rebuilt with elm, which, course, required con- 
stant renewals, cost about $1000 per month. This continued 
until 1897, when they rebuilt with creosoted pine, with what results 
the writer not position say. 

The writer once experimented pine poles containing nothing 
but sap. The poles were cut the spring and completely immersed 
fresh water. The following spring they were found have turned 
into that is, heavy, resinous, pitch pine. They were 
then placed salt water, and, the following fall, the teredo had 
failed them any material extent; hence the writer believes 
the use percentage resin the processes either Bethell 
Burnett would very beneficial; but, that the dead oil coal-tar will 
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ever alone protect against the teredo, is, the light past events, Mr. Boggs. 
very doubtful. 
The prevailing custom subjecting only the poorest class tim- 
ber the creosoting process greatly deplored, and when 
better material more extensively used very high results may con- 
fidently expected. The use very high temperatures will unquestion- 


ably kill the germs, but, unfortunately, will kill the fiber the timber 
also. 
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Discussion.* 


Mr. Rafter. Am. Soc. (by letter).—As the cost 
the several surveys may remarked that, without full state- 
ment, Mr. Landreth’s tabulation somewhat misleading. Thus the 
total cost Black River survey was 815.47; Salmon River Reser- 
voir, 459.05. The cost Fish Creek Feeder included the gen- 
eral cost feeder lines, which $13 013.23. should understood 
that the cost Fish Creek Feeder for topographic work only, all 
expense for leveling every kind included elsewhere. under- 
standing these facts gives the author’s results somewhat dif- 
ferent complexion than they would have unexplained. The writer, 
however, wishes accord Mr. Landreth very high praise. The 
Salmon River and Fish Creek surveys were largely made during severe 
winter weather, and are evidence his great energy, well skill 
this special line survey. 

Another matter which contributed the success the work may 
mentioned. Each chief party was required report the office 
the end each week exactly what had been done. These reports 
took the form shown Table No. which illustrates Mr. Landreth’s 
work the Salmon River Reservoir for the month November. 
the end the month the weekly reports were compiled into 
monthly report, and forwarded the Board. 


Continued from August, 1900, Proceedings. See March, 1900, Proceedings, for paper 
William Landreth, Am. Soc. E., this subject. 
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TABLE No. 


Y., December Ist, 1898. 
Report progress Survey for Salmon River Storage Reservoir 
for month November, 1898. 


DISTANCE. 

“ 
~~ 22 51 5 285 4 300 1 
. » 22 38 4719 2 090 1 Rain. 
20 21 37 1 

Totals.... 552 2191 225 262 126 490 Estimated: 
42.66 Miles. 23.95 Miles. 35% Open, 
Wooded. 


Buck’s inquiry regarding corrections for distance stadia surveys 
hilly country; the practice the work described was make correc- 
tions for distance all readings between stadia points used calcu- 
lating circuits and disregard them all shots where the correction 
was less than ft. 

The stadia reduction diagrams used were drawn that the approx- 
imate reduction could noted glance and taken off closely 
necessary with little labor. All elevations determined were noted 
the maps, the general work the Survey, and Mr. 
Himes has been misled regarding them their having been omitted 


the engraver from the illustrations accompanying the paper, owing 
the very small scale used. 


Mr. Rafter. 
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The writer unable give explanation for the variation the 
cost the three surveys that entirely satisfactory himself, but 
believes that the percentage wooded area has great influence 
the cost the surveys. Salmon River and Black River Sur- 
veys, with 10-ft. contour interval, the former, with the larger per- 
centage wood, cost the most, while the Fish Creek Survey with 
wooded area about between the others, but with interval, 
cost the former. 

The methods used the Geological Survey could not have 
been used advantage the Salmon River and Fish Creek Surveys 
owing the necessity doing the field work the late fall and win- 
ter, and doubtful there would have been any saving cost 
using that method the Black River Survey owing the 10-ft. inter- 
val used, compared with the 20-ft. interval the Geological 
Surveys. 

avoid possible misunderstanding the items covered the 
table cost surveys noted Mr. Rafter, the writer would state 
that the cost the following work included the amounts given: 
Salmon River and Fish Creek surveys, stadia field work and map 
work; Black River, base line and levels two-thirds the territory, 
stadia field work and map work all the territory. 
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Am. Soc. E.—In this paper the word mr. Merriman. 


seems have been used two senses which are not exactly 
the same. said that the number acres irrigated cu. ft. 
per second the duty water. That appears excellent de- 
finition, and one that agrees with the use the word duty other 
branches engineering; but when said that acre land re- 
quires many acre-feet water irrigate it, this not properly the 
duty water, but rather reciprocal duty. Thespeaker has found 
that presenting engineering matters students extremely im- 
portant have the units very clearly and closely defined, and although 
this word duty perhaps the least important all the units, the 
speaker believes that may deserve the has made concern- 
ing it. 

this connection, the speaker was glad note that the publica- 
tions this Society hydraulic matters the terms 
foot-second,” some people say, are not used. These terms lead 
confusion, while feet per second,” which should always 
used, clearly understood everybody. are many hydraulic 
engineers, particularly the Government employ, who always say 


discussion (of the paper Elwood Mead, Am. Soc. E., printed 
the Proceedings for May, 1900) printed Proceedings order that the views 
expressed may brought before all members the Society for further discussion. 

Communications this subject received prior October 26th, 1900, will printed 
later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 
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designating the discharge water, which contrary 
the principles formation compound units. such unit, 
foot-pound, ton-mile, the meaning the hyphen that the two 
simple units are multiplied together; and the term 
might natural think that the number seconds shonld 
multiplied the number feet, which would absurd. the 
other hand the word per” means division; for instance, cubic feet 
per second,” means the total number cubic feet divided the total 
number seconds, and therefore clearly understood. The term 
excellent compound unit, formed according 
correct principles. 

Vice-President, Am. Soc. E.—It seems strange 
that the present time the relationship irrigation and drainage 
agriculture has received little attention. Itis only quite recently 
that proper observations have been made the quantity water 
which various crops require different times. The agricultural ex- 
periment stations the United States have begun make some 
observations that subject, and similar stations Europe are doing 
the same. Yet hardly possible get reliable information, except 
from few isolated points and regarding few plants. For instance, 
this country, the agricultural station Madison, Wis., the only 
one known the speaker which the amount water required 
during the different months crop has been determined, 
and they have there experimented with scarcely dozen crops. 

The speaker believes that very important for the agricultural, 
irrigation drainage engineer, know just what amount water 
the different crops need and when they need it, particularly those 
sections our country where there scarcity water. known 
that during different stages growth plants need different quantities 
water. For instance, first, during the period germination, 
nearly all plants need more than immediately after they have started 
grow. Then, they again need larger quantity, fact, the most 
liberal irrigation, when passing through the flowering stage, and the 
least quantity during fruiting and maturity, when too much water 
becomes rather injurious. 

this subject one which the engineer this country has 
meet occasionally, the speaker, when Europe this summer, made 
some inquiries thereon, but found remarkable dearth experience 
there also; yet every station work trying get results the 
subject. 

There correlative subject upon which also have scarcely any 
data: Where there water the ground whith serve the roots, 
the question sometimes arises, how far can the ground-water stand 
below the roots order that these may still receive sufficient moisture? 
our immediate neighborhood there are this day suits threatened 


Mr. Merriman. 
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for several hundred thousand dollars which depend upon that very Mr. Hering. 
fact, the relation the quantity water needed certain 

crops, the capillarity the soil, and the level the ground-water. 

This question which we, engineers, will eventually have face. 

yet there but little information the subject, and very 
gratifying indeed see that certain Government officers the agri- 

cultural stations, and engineers abroad, are now studying this matter 

which, our country, one way and another, represents great deal 

money agriculturists. 
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FoR 


The Progressive Increase Weight; the Increase Hardness, par- 
ticularly Carbon; the Sections most General Use; the effect 
changes Weight, Composition and 


Str 


Am. Soc. E.—From Mr. Hunt’s dis- 
cussion one might led believe that was the usual practice 
use high carbon steel our rails. But such not the case, 
shown the fifteen American rail specifications given the table pre- 
pared Committee No. the American Section the Inter- 
national Association. This table gives 0.55°% carbon for the 
rails used many our railroads. 

Most the rails are rolled the sections this Society, the rails 
lbs. per yard and under giving better satisfaction than the 
heavier rails. seems the speaker that this difference results 
due more the higher finishing temperature rolling the heavier sec- 
tions rails than any other cause. The large mass metal the 
head the heavier rails carries the heat much longer than the thin 


*The discussion this subject, for which formal was presented, con- 
tinued from the August number Proceedings order that the views expressed may 


brought before all members the Society for further discussion. 
Communications this subject received prior October 26th, 1900. will 
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metal the flange, and the work rolling has stopped Mr. Webster. 


account cold flange, when the metal the head hot. 
putting more metal the flange, carry the heat, the head the rail 
can finished much lower temperature, and closer grain 
obtained. This matter which the Society could take and 
investigate advantage. 

check the finishing temperature rolling, the speaker sug- 
gests that limiting clause put the specifications the per- 
centage shrinkage which will allowed rail, from its finishing 
temperature rolling the normal temperature. This amount 
shrinkage 30-ft. rail good measure the finishing tempera- 
ture, and only remains prove experiment just how much 
shrinkage safe allow. Or, other words, what finishing tem- 
perature should used produce the best results. 

has been claimed some who take extreme view the 
present practice, that are now hardening our rails the carbon 
and squirting them through the rolls.” But, matter fact, 
know better to-day than ever before the true bearing the chemical 
elements the physical properties the steel, and the change 
structure due mechanical work rolling forging the 
proper finishing temperature. 

The beneficial effects finishing heavy rail the proper tem- 
perature are shown re-rolling heavy rails which have not given good 
service use. This accounted for the annealing action the 
furnace heating the rails low heat for rolling, thus breaking 
the coarse grain, and not heating high enough form again, the 
final work rolling the head low temperature, the flange 
being condition allow this work the proper temperature. 

The report the English Committee appointed the Board 
Trade Enquire into the Loss Strength Steel Rails through 
Use Railways,” will appear shortly, and give much valuable 
information. will, doubt, the true starting point for inter- 
national rail specifications. 

Many our specifications, the present time, have ear-marks 
them showing the suggestion the manufacturers one section 
against those another, suggestions the makers basic Besse- 
mer steel against those making acid Bessemer steel. What 
wanted get rid all this and take the whole matter its 
merits from engineering and metallurgical standpoint. From the 
present indications looks though the International Association for 
Testing Materials would invited the Iron and Steel Institute 
hold the next Congress England the fall 1901. 
hoped that this will brought about, there society better 
fitted assist this great work than the Iron and Steel Institute 
England. 
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The following quoted from Appendix VII the report the 
English Committee: 

probable that the Board Trade will expect desire the 
Committee analysis for the guidance engineers 
manufacturers, which shall, the judgment and experience the 
Committee, the composition the steel ensure safe and good 
wearing rail. therefore suggest, after careful consideration from the 
points view manufacturer and user, that, exclusive the iron, 
steel rail should have the following range composition: 


Minimum. Maximum. 
0.50 


0.10 


Edward Martin, Dowlais, considered these suggested 
figures with and approves them. 


referring the report the American Committee No. 
find that the chemical limits rails from Ibs. were 
follows: 


Manganese 


These recommendations are remarkably close, especially when one 
considers that the work was done different countries these Com- 
mittees entirely independent each other, and that America only 
acid Bessemer steel used for rails; while England both the acid 
and basic Bessemer steel are used. 

The results compared above indicate that the suggestions which 
have been made, that each country prepare standard representative 
specifications for each class material, can easily carried out. 
not too much expect that, the General Congress the Inter- 
national Association for Testing Materials, held 1901, each 
country will present representative specifications, and that inter- 
national specifications will agreed upon. 

The English Committee have been working great disadvantage, 
all cases broken rails examined they knew nothing whatever 
the heat treatment these rails rolling, and this has such 
great influence the final structure the rail, had been known 
would have accounted for many the abnormal results referred 
the report. hoped that the work the Committee the 


1.05 
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Board Trade will continued, that rails will rolled under Mr. Webster. 


known conditions, and that rails from the same heat steel will 
finished hot, medium and cold, order get the true value 
the mechanical work rolling different temperatures. This 
will give valuable information one the most important lines 


research, which has been too much neglected the present 
time. 


Inst. E.—The speaker has had occasion recently 
advise the Argentine Great Western Railway Company the rela- 
tive value American and British tenders for rails. 

The section tendered upon, 72.8 lbs. per yard, was designed 
the speaker 1893, and has been rolled several times since that date 
Great Britain and also the United States. shown full 
black lines Fig. The enquiry was issued for rails manufac- 
tured the speaker’s specification. One the leading American 
firms tendered accordance with the Argentine Great Western sec- 
tion, but accordance with their standard specification for quality. 
The differences between the two specifications are shown the table 
Fig. the chief differences being the high phosphorus and silicon 
the American specification and the lower tensile strength and 
elongation, coupled with the somewhat inconsistently easy falling- 
weight test. 

The price per ton quoted the American firm was considerably 
lower than the British quotations, and the principal questions 
decide were: First, what the relative durability 43-ton steel 
compared with 38-ton steel; and, secondly, the amount attendant 
risk due the presence high phosphorus and silicon, which, 
rail with somewhat thin flange, might considerable. 

portion the tensile strength, which is, the speaker’s opinion, 
independent the means adopted produce it; that say, 
matters little whether the high low tensile strength due the 
difference temperature the material during rolling, differ- 
ence chemical composition. Perhaps Mr. Hunt and other members 
can give some practical information the subject. 

Another point, which attention should directed, the dif- 
ference the American standard sections 70-lb. rails and fish- 
plates (shown dotted lines Fig. 1), compared with the sec- 
tions designed for the Argentine Great Western Railway. 

the Argentine Great Western rail, the speaker allowed for 
wear and finds that the depth the head the American 
standard about in. less, which would appear indicate about 
half the life, apart from the difference tensile strength. 

With regard fish-plates, the Argentine Great Western deep sec- 
tion shown Fig. was designed make the joint equivalent 
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BEARINGS 


Weight Tup 2240 lbs, 
Height Fall ft. 
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Tensile Strength 
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Contraction Area 20% 
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strength the solid rail when worn, and the results tests prove Mr. 


the design correct this respect. 

The American fish-plates angular design cannot, therefore, 
the same relative strength, especially when taking into account the 
very soft material which they are made. 


Joun President, Am. ofthe American Mr. Wallace. 


engineers who have spoken this question represent inspecting con- 
sulting engineers, and one the manufacturers. The speaker 
say one word from the purchasers’ side. The railroads themselves, 
date, have had very little say about the specifications the rails 
used America, and mainly account businessreasons. The rail- 
ways the east the Allegheny Mountains have naturally been con- 
fined tothe use rails manufactured that district, first, account 
the fact that the manufacturers were also the customers the railroads, 
and produced great deal freight and traffic; and secondly, because 
they were nearer the point consumption. The same controlling 
elements exist the mills the vicinity Chicago. The roads ofthe 
West, tributary Chicago, were naturally inclined purchase rails 
from the Chicago mills, and the result has been that the roads east 
the Allegheny Mountains have been compelled use rails manu- 
factured their district, which could manufactured from the ores 
east that point; and the roads the Mississippi Valley and the 
West have generally been confined the use the rails 
Chicago. great many roads have endeavored enforce their own 
specitications. the other hand, the mills have endeavored require 
the railroads accept their specifications, coupled with guarantee 
that any rails affected during the period years should replaced. 

The railroads, to-day, through their engineers and their own special 
organization, which looking after this particular matter, are now 
taking the question adopting specifications and asking the manu- 
facturers conform them. The matter now the hands 
Committee Engineers, who not propose draw specifications 
which are impossible fill; but intend find out, from the character 
the ores different parts the country, and from the processes 
manufacture, what are the possibilities, and will endeavor decide 
specifications which are practical and common-sense. the forma- 
tion such specifications, however, they expect consult with the 
manufacturers and with the inspecting engineers. 

reference phosphorus, some years ago the Illinois Central 
Railroad, section road where the traffic was exceedingly heavy, 
there was use 60-lb. rail, laid 1878. Twenty years after that 
rail was laid, was removed order replace with rail. 
The rail gave such extraordinarily good service that was analyzed 
and found run high 0.012 and 0.015 phosphorus—from 
100% more than the specifications were then calling for. 
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» 
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Sir 
Lowthian Bell. 


Inst. E.—There are probably few ques- 
tions connected with the manufacture and behavior rails while 
use which demand more extended area examination than those 
raised Mr. Hunt. The opinions about given are those 
gathered from many years’ experience manufacturer supplemented 
still longer experience director one the most important 
railroads the United Kingdom. life spent seems embrace 
all the conditions essential the present discussion. 

may well here describe the mode testing used ascer- 
taining the resistance fracture offered the rails under examina- 
tion: 

weight one ton 240 and capable being detached 
any point its travel, was raised steam power between two girders 


FT. APART. 


Distinguishing 
No. rail...... 991 992 993 994 995 996 997 998 
Part ingot 
Results ins. ins. ins. ins. ins. ins. ins. ins. 
15 45 |15) 4 (15) 43 4 fs 15} 43 115) 439, 
Sum falling 
feet (breaking 
Note.—These samples taken from 
Composition— 
Phosphorus....| 0.048 0.048 0.040 0.044 0.053 
Sulphur........ 0.050 0.070 0.050 0.060 0.070 0.060 
Carbon........ 0.560 0.560 0.570 0.500 0.510 0.550 0.560 0.560 
0.069 0.066 0.057 0.072 0.072 0.081 0.069 
Manganese ....| 0.960 0.970 1.020 1.030 1.030 0.950 1.060 
0.061 0.065 0.061 0.018 0.044 0.049 
Iron differ- 


The weight the rail was Ibs. per yard, the length tested 
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considerable height. The usual plan was raise the weight very 
few feet first, and increase the height fall gradually, until 
fracture was effected. Noaccount was taken the acceleration the 
fall, and therefore the power, the continued operation gravita- 
tion, because this did not exhaust any means the disturbing causes 
The chief these the unknown absorption 
power the deflection the rail each blow. The plan followed 
was sum the various falls and count the last one-half its real 
amount. The estimate, therefore, one comparison only. 

evidence irregularity results the case the trials bull- 
headed steel rails Ibs. per yard may given. One these gave 
way under united fall ft., while second one required for its 
fracture 199 ft. Chemical analyses several specimens were made 


999 1000 1001 1002 1004 1005 1006 1007 1008 

| o 
ins. ins. ins. ins. ins. ins. ins. ins ins. ins 
| | 
six ingots, three out each. 
0.051 0.059 0.07 0.060 0.057 0.070 
0.060 0.060 0.060 0.060 0.060 0.040 0.050 0.050 
0.560 0.550 0.570 0.560 0.560 0.580 0.570 0.500 0.550 0.580 
0.069 0.066 0.072 0.063 0.069 0.066 0.063 0.072 0.087 0.084 
1,050 1.060 1.07 1.040 1.040 1,070 1.030 0.870 0.930 1.060 
0.051 0.039 0.061 0.059 0.045 0.049 0.063 


was ft., and each case the running head was up. 
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without throwing any light this very great difference the fall re- 
quired for rupture. This will best reserved for cases presently 
described. 

Those members who have read the classic work Professor Henry 
Marion Howe, who confirmed observations made the Clarence Works, 
will remember his description the absorbing power liquid steel 
occluding gaseous matter, which latter was given off the molten 
metalcooled. naturally inferred that the uppermost portion the 
ingot would contain the largest portion the liberated gas which was 
imprisoned spherical cells. When the ingot was rolled into rail 
these cells were flattened but not entirely obliterated. 

Trials were made dividing each ingot into three parts, which 
were marked top, middle and bottom, and rail was rolled from each. 
Six rails from each section were rolled and were exposed the follow- 
ing test. reference Table No. shows that the fractures took 
place follows: 

From the average 48.9 ft., Middles” 64.5 ft., 
and the ft., and, further, that the analyses fail con- 
nect these with any differences chemical composition. 

committee appointed the British Board Trade has concluded 
inquiry, which evidence exhaustive character was given. 
the data just quoted, besides much more highly important 
character, are found. 

The changes molecular structure, supplemented micro- 
photographic plates, are described great length and with great 
ability Professor Roberts Austen. 
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FILTRATION WATER FOR PUBLIC USE. 


Informal Discussion the Annual Convention, July and 5th, 
1900.* 


FoR Discussion. 


The several Processes now used for the Removal Objectionable 
Matter; their Comparative Sanitary Effect, Cost and Reliability.” 


GREENE, Ap. Kemna, WALTER and 


Assoc. Am. Soc. E.—For the engineer Mr. Fuller. 


who has consider water filtration problems different parts 
America, the speaker thinks there point more deeply impressed 
his mind than that the waters from different sections the country 
possess large degree distinct individuality reference their 
purification. Having listened the excellent résumé this topic 
Mr. Hering, the description the Warsaw filters Mr. Lindley, and 
the discussion English practice Mr. Deacon, thought that 
would interest look the subject for few moments 
the standpoint the applicability different methods purification 
different types water. 

One the fundamental principles water purification, viewed 


The discussion this subject, for which formal paper was presented, con- 
tinued from the August number Proceedings order that the views expressed may 
brought before all members the for further discussion. 

Communications this subject received prior October 26th, 1900, will printed 


later number Proceedings, and subsequently the whole discussion will published 
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from experience America, that the quality and the composition 
the water filtered are factors prime importance. This par- 
ticularly with American surface waters, where there are wide ranges 
character. this discussion consideration given only surface 
waters, and not ground-waters which may need treatment for the 
removal iron. With the surface waters from different sections 
the country, the most variable features, from the purification stand- 
point, are with reference turbidity and color. turbidity meant. 
the sand, silt, clay and those matters amorphous and organic 
nature which are contained the water suspension; and color 
meant the vegetable matter which dissolved the water, and 
which gives what called many vegetable stain. 

the original application water purification, improvement 
the appearance the water was, course, the Within 
the last fifteen twenty years the problem has changed, well 
known, and, fundamentally, the object now secured the 
removal those bacteria which are associated with the causation 
disease. looking the problem from that point view, may 
interest point out difference which occurs between condi- 
tions America and Europe. 

Europe, particularly England and the western portion 
the Continent, or, more accurately, with those filtered waters with 
which American engineers are more familiar, the speaker understands 
that generally true that the water filtered eliminate 
the bacteria, the appearance the water satisfactory. That 
say, the effluent satisfactory from hygienic standpoint, not 
necessary give attention the appearance the filtered water. 
But America the reverse this would true numerous 
instances. many places—not the northeastern portion the 
country, but the South and Central West—the character the waters 
such that the water after filtration satisfactory appearance, 
also substantially free from bacteria. This shows, general 
difference, which perhaps seldom appreciated, the condi- 
tions America and Europe. The reason for this, course, 
that the clay particles found the southern and western waters 
America are much smaller size than the bacteria. fact that 
many the clay particles these waters are not more than 0.000011 
in. average diameter, about one-tenth the size the ordinary 
bacterium. Some the clay particles are still smaller, and, without 
doubt, our estimates their size are much limited the present 
facilities for measurement under the microscope. 

While filtered water, course, should primarily free bac- 
teria practicable, appears the speaker that the appearance 
the water should also satisfactory, order fulfill requirements 


| 


Papers. DISCUSSION FILTRATION WATER. 951 


that many water consumers judge the character water its Mr. 


appearance; and, regardless the hygienic side the question, 
not look with especial favor upon water which either turbid 
colored considerable degree. Public opinion America appears 
undergoing gradual but distinct change this respect. Col- 
ored and turbid waters which seemed acceptable few years ago 
are now complained many instances; and, the opinion the 
speaker, the development the water” trade and house 
filters, suggestive conditions which water-works engineers must 
consider the near future. 

When turbid waters America are purified for hygienic 
reasons, seems the consensus opinion that the purification 
works should yield effluent which also practically free from 
turbidity all times. With waters containing much vegetable stain 
opinion varies widely. fact, America would seem that the 
amount permissible (dissolved) color first-class water one 
the most unsettled points present, connection with water supply 
and water purification. The permissible limit depends, course, 
large degree, upon the point view the observer. Perhaps the 
most critical observers present America are the water consumers 
themselves, who judge the appearance the water bulk with 
white background they see their tables and porcelain-lined 
bath tubs. 

decide, conservative and reasonable manner, upon the 
permissible amount dissolved color water for the future require- 
far the speaker has been able form judgment upon this matter, 
would inclined place the limit 0.30 part dissolved color 
the platinum-cobalt standard. This amount color about half 
that frequently seen many waters the eastern part America, 
and about double the amount found the southern and western waters 
after the removal the suspended silt and clay. 

Returning now the character the American waters, may 
said, general way, that there are three types, viewed from the 
present standpoint purification. There is, first, the water from 
those comparatively short rivers, and from lakes and ponds, which lie 
within the glacial drift formation, that is, the waters best known 
those New England and the northern Atlantic States. There 
also another very distinct type water which lies south the glacial 
drift formation almost entirely, that is, the large rivers lying south 
and including the Potomac, the Ohio, the Missouri, and extending 
from the Atlantic Ocean west the Rocky Mountains. Between 
these types there intermediate class resembling measure 
the two; such waters are found the Delaware, the Susque- 
hanna, the Allegheny, and rivers which lie along the dividing line 
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between the drift formation and the section country where the 
drift absent. 

attempt make specific comparisons these types water 
very difficult matter the present time. place, the 
amount analytical evidence, with few exceptions, very meager 
indeed, and especially with reference results from samples which 
represent the normal and maximum conditions that the engineer must 
consider the design purification works. There also another 
reason why these data are somewhat wanting the significance they 
carry, and that the lack uniformity the analytical methods 
used obtaining the results. This latter point becoming realized 
more and more clearly engineers, and also the them- 
selves. passing, may interest state that effort being 
made correct this state affairs. the last meeting the 
American Public Health Association section Chemistry and Bacte- 
riology was formed, and there was appointed under that section 
Standing Committee consider the question Standard Uniform 
Methods Water Analysis. Ultimately, hoped that some good 
may come this. 

Comparing with each other these general types American sur- 
face waters regard the turbidity, suspended matters which 
they contain, may said that those bodies water lying wholly 
the area the glacial drift formation, such waters that the 
Merrimac, Connecticut, Hudson and Passaic Rivers, carry from about 
parts per million suspended matters annual average. 
This quantity greatly exceeded times heavy floods, and the 
case the Merrimac River the amount suspended matter has been 
known exceed 1000 parts per million. The conditions 
freshet this instance, however, were abnormal. With regard the 
character the turbidity this type water, may stated that, 
comparatively speaking, caused fine silt, and not clay. 
Accordingly, type water which not very troublesome its 
purification, the silt can removed quite readily subsidence. 

The waters the second class, those the South and West, con- 
tain very large amounts suspended matter. The annual average 
amounts the Uhio River water have been found 230 and 350 
parts per million and Louisville, respectively. the 
case the Mississippi River water there are records showing the 
annual average amount suspended matter St. Louis about 
000 parts per million, and about 560 parts New Orleans. These 
records cover information obtained different times during the past 
fifty years, and are means strictly comparable with each other. 
They are sufficient, however, show that this general type water 
contains roughly from twenty-five fifty times much suspended 
matter, average, the waters the northern Atlantic sea- 
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board America, and also the English river waters the latter are Mr. Fuller. 


known Americanengineers. From practical purification stand- 
point the comparative difficulty handling the very turbid river 
waters the South and West means adequately shown 
the annual average amounts suspended matter. There are 
several reasons for this. the first place, the flood periods con- 
tinue uninterruptedly for many weeks, and, some instances, extend 
over several months, during which time the suspended matters vary 
very rapidly and continue normally excess the annual average, 
reaching times more than 000 parts per million. Another feature 
great importance explaining the difficulty purifying these very 
turbid waters the fact that considerable proportion, say about one- 
fourth, the suspended matters consist minute clay particles. 
The sub-microscopic nature these particles has already been referred 
the speaker, and may further added that practically 
impossible remove them subsidence. 

The third, intermediate, class water, such found the 
Delaware, Susquehanna and Allegheny, etc., contains suspended mat- 
ters ranging apparently from about parts per million, 
average. duration fiood periods, proportion clay particles 
and the size clay particles, this class water stands intermediate 
between the two previously described. The evidence, however, shows 
that some instances there are decided complications from coal dust 
and mine drainage. 

With regard the amount dissolved color vegetable stain con- 
tained these general types water, may said that many, but 
means all, waters the first class contain more color than 
considered some satisfactory. this class waters the 
glacial drift area there must added swamp waters from all sections 
the country. attempt will made show detail the general 
evidence the color this type water, partly because lack 
available comparable records, and partly because the unsettled con- 
dition the problem what amount color permissible first- 
class public water supply. 

The dissolved color the waters the second and third 
not factor practical significance, has been able 
learn. Undoubtedly, organic matter capable producing vege- 
table stain reaches these turbid waters, but seems removed 
the streams and settling Apparently, becomes united the 
silt and clay particles (hydrosilicate aluminum) and settles the 
bottom with them. measure, this may called filtration silt 
and clay through water. 

From this account the conditions met with America, will 
seen that the method purification adopted any instance 
must the requirements the water under considera- 
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tion. Further, the character many surface waters America 
such that, the design purification works which shall successfully 
meet the requirements the future, careful attention must given, 
not only the question bacterial removal, but also the decolori- 
zation and clarification the water. 

the methods purification now considered America, there 
are two important ones, has been very clearly shown Mr. Her- 
ing, who has described and compared their leading characteristics. 
The nomenclature used this line work Americais quite 
transitional and unsettled state. The term ‘‘filtration was 
satisfactory long was applied waters which were not exces- 
sively colored turbid. Since the subject has grown and included 
the consideration the more complicated types water, the term 
comprehensive. For many waters, filtration itself inadequate, 
and there are required connection therewith plain subsidence, 
coagulation, and supplementary subsidence. places the ex- 
purification.” With regard the two methods filtra- 
tion proper, they are variously spoken sand, English, slow 
filters, and mechanical, American, rapid filters, respectively. 
Upon comparing the two methods filtration when each operating 
high degree efficiency, found that there long series 
differential features, which the most important the physical con- 
dition the water enters the sand layer. many seems de- 
sirable avoid nomenclature which gives undue prominence one 
superficial feature, and use name which implies series condi- 
tions requisite for first-class work. these engineers the two 
methods are called English and American filters, respectively, from 
the countries where they are first developed. 

Water purification practical scale America its infancy. 
Ten years ago its application was almost nominal. During the past 
decade, however, considerable progress has been made the small 
cities and towns. present may said, general terms, that 
there are about English sand filters service America, having 
area about acres, and yielding about 000 000 galls. water 
average. There are also service about American, 
mechanical, filter plants, having nominal capacity about 250 000- 
000 galls. daily, but actually supplying consumption only about 
half this quantity. 

With few exceptions, these purification plants both methods 
are very small, and there comparatively little information available, 
showing continuously detail the efficiency and the cost operation. 
Under these circumstances, American engineers are obliged base 
their detailed knowledge water purification, large measure, 
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upon the results European experience and the careful investiga- Mr. Fuller. 


tions made experimental scale Lawrence, Providence, Louis- 
ville, Pittsburg and Cincinnati. The European experience, 
connection with the purification waters comparable those now 
filtered abroad, has been carefully followed America for many years, 
beginning with the classical report made the late James Kirk- 
wood, Am. Soe. E., for the City St. Louis. For the purifica- 
tion the more difficult types water, due color 
turbidity, dependence now placed the laws purification 
deduced the special studies the cities just named. Upon the 
more important points considered that this evidence substan- 
tially correct for the types water actually studied, and now 
being used guide the design and construction purification 
works for number the larger American cities. 

Concerning the relative merits the two leading methods puri- 
fication, the experience the speaker has led him the opinion that 
English sand filters, rule, are most satisfactory point effi- 
ciency and economy for those waters for which they are strictly appli- 
cable. Such waters may defined the non-clay-bearing waters, 
which are only slightly moderately discolored vegetable stain, 
and which are found the first type waters mentioned this dis- 
cussion. Although well known that these filters have decided 
limitations the successful treatment very colored and very turbid 
waters, difficult matter present define satisfactorily the 
dividing line between those waters for which this method purifica- 
tion applicable non-applicable. There are some cases which 
this method strictly applicable for the local water where prob- 
able that its adoption would inadvisable the ground cost, 
owing the area which requires, thus necessitating isolated 
location and extra pumping the water. Notwithstanding the 
fact that English sand filters are applicable for far smaller propor- 
tion the American water supplies than was generally considered 
the case few years ago, the opinion the speaker that they 
have large field usefulness America, and that they will 
adopted many places within the next few years. 

Referring the construction and operation English sand filters 
America, may fairly said that the recently completed purifica- 
tion works Albany, Y., designed Allen Hazen, Am. Soc. 
E., and described recent before the Society, may taken 
representative the best current knowledge this line, based 
both European experience and American investigations. These 
filters differ much from the older filters Europe, but not differ 
very materially upon the more vital points, when compared with the 
best modern filters abroad. Nevertheless, they have individuality 
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tion. Further, the character many surface waters America 
such that, the design purification works which shall successfully 
meet the requirements the future, careful attention must given, 
not only the question bacterial removal, but also the decolori- 
zation and clarification the water. 

the methods purification now considered America, there 
are two important ones, has been very clearly shown Mr. Her- 
ing, who has described and compared their leading characteristics. 
The nomenclature used this line work quite 
transitional and unsettled state. The term ‘‘filtration was 
satisfactory long was applied waters which were not exces- 
sively colored turbid. Since the subject has grown and included 
the consideration the more complicated types water, the term 
comprebensive. For many waters, filtration itself inadequate, 
and there are required connection therewith plain subsidence, 
coagulation, and supplementary subsidence. some places the ex- 
purification.” With regard the two methods filtra- 
tion proper, they are variously spoken sand, English, slow 
filters, and mechanical, American, rapid filters, respectively. 
Upon comparing the two methods filtration when each operating 
high degree efficiency, found that there long series 
differential features, which the most important the physical con- 
dition the water enters the sand layer. many seems de- 
sirable avoid nomenclature which gives undue prominence one 
superficial feature, and use name which implies series condi- 
tions requisite for first-class work. these engineers the two 
methods are called English and American filters, respectively, from 
the countries where they are first developed. 

Water purification practical scale America its infancy. 
Ten years ago its application was almost nominal. During the past 
decade, however, considerable progress has been made the small 
cities and towns. present may said, general terms, that 
there are about English sand filters service America, having 
area about acres, and yielding about 000 000 galls. water 
average. There are also service about 16) American, 
mechanical, filter plants, having nominal capacity about 250 000- 
000 galls. daily, but actually supplying consumption only about 
half this quantity. 

With few exceptions, these purification plants both methods 
are very small, and there comparatively little information available, 
showing continuously detail the efficiency and the cost operation. 
Under these circumstances, American engineers are obliged base 
their detailed knowledge water purification, large measure, 
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upon the results European experience and the careful investiga- 
tions made experimental scale Lawrence, Providence, Louis- 
ville, Pittsburg and Cincinnati. The European experience, 
connection with the purification waters comparable those now 
filtered abroad, has been carefully followed America for many years, 
beginning with the classical report made the late James Kirk- 
wood, Am. Soe. E., for the City St. Louis. For the purifica- 
tion the more difficult types water, due color 
turbidity, dependence now placed the laws purification 
deduced the special studies the cities just named. Upon the 
more important points considered that this evidence substan- 
tially correct for the types water actually studied, and now 
being used guide the design and construction purification 
works for number the larger American cities. 

Concerning the relative merits the two leading methods puri- 
fication, the experience the speaker has led him the opinion that 
English sand filters, rule, are most satisfactory point effi- 
ciency and economy for those waters for which they are strictly appli- 
cable. Such waters may defined the non-clay-bearing waters, 
which are only slightly moderately discolored vegetable stain, 
and which are found the first type waters mentioned this dis- 
cussion. Although well known that these filters have decided 
limitations the successful treatment very colored and very turbid 
waters, difficult matter present define satisfactorily the 
dividing line between those waters for which this method purifica- 
tion applicable non-applicable. There are some cases which 
this method strictly applicable for the local water where prob- 
able that its adoption would inadvisable the ground cost, 
owing the area which requires, thus necessitating isolated 
location and extra pumping the water. Notwithstanding the 
fact that English sand filters are applicable for far smaller propor- 
tion the American water supplies than was generally considered 
the case few years ago, the opinion the speaker that they 
have large field usefulness America, and that they will 
adopted many places within the next few years. 

Referring the construction and operation English sand filters 
America, may fairly said that the recently completed purifica- 
tion works Albany, Y., designed Allen Hazen, Am. Soc. 
E., and described recent before the Society, may taken 
representative the best current knowledge this line, based 
both European experience and American investigations. These 
filters differ much from the older filters Europe, but not differ 
very materially upon the more vital points, when compared with the 
best modern filters abroad. Nevertheless, they have individuality 
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Mr. Fuller. Among the more interesting and important features 


the Albany filters, from the standpoint efficiency and economy, are 
the arrangement the floor with the thin layers gravel support 
the sand, and the means taken prevent the passage water 
between the walls and the sand. 

The recent estimates made for English sand filters number 
American cities are the basis average capacity 000 000 
galls. (U. S.) per acre daily. view the fact that the maximum 
consumption some places ranges from 50% above the average, 
during very hot and very cold weather, the rate would times reach 
between 000 000 and 000 000 galls. per acre daily, even with moder- 
ately large distributing and compensating reservoirs. From present 
evidence this seems reasonably safe for very short periods, unless the 
raw water should excessively polluted. fact, appeared from 
experimental evidence obtained several years ago Lawrence and 
elsewhere, that, with some kinds water, rates 000 000 and even 
500 000 galls. per acre could safely used. More recently, how- 
ever, the very careful studies made Lawrence, with reference the 
passage Bacillus Coli Communis, the leading intestinal bacterium, 
indicate that these rates are too high for such waters that the 
Merrimac River. the event that rates filtration have 
increased materially, meet unusual conditions consumption, 
experience indicates that the changes should made gradually and 
not suddenly. fact, proper regulation the rate filtration 
now universally recognized essential feature successful filtra- 
tion; and the introduction devices secure this end show one 
the most marked improvements the new over the older filters. 


There some difference opinion America concerning the con-. 


ditions under which covers should provided for English sand 
filters. few years was thought that this could settled 
use the mean January temperature, the basis that covers would 
required where this temperature was below the freezing point. 
More detailed studies temperature conditions, however, show that 
every few years there are exceptionally cold winters during which 
there are many days succession when would not practicable 
scrape open filters, that the foregoing rule seems question- 
able. According the opinion many engineers, experience will 
ultimately show that covers are advantage nearly all points 
and north the Potomac and Ohio Rivers. 
would necessitate covers nearly all the American territory where 
English sand filters now appear applicable. With regard the 
effect which covers produce upon the bacterial filter, 
connection with vegetable growths, this point upon which 
there very little evidence America. 

With regard the American mechanical filters, well known 


ahs 
; 
| 
T 


Papers. DISCUSSION FILTRATION WATER. 957 


that they are proprietory devices comparatively recent origin. The Mr. Fuller. 


more important patents, however, will expire shortly. Prior 1885 
these filters were used exclusively the treatment water for in- 
dustrial purposes for the removal vegetable stain and turbidity. 
Since that date they have been introduced for the purification 
many public water supplies, and during the last few years progress 
has been very rapid. For the most part they have been installed for 
small works, not much because they were necessarily the most ap- 
plicable process for each water, but rather perhaps account the 
filter companies guaranteeing certain results with devices fairly low 
first cost. 

1895 very little was known the hygienic efficiency cost 
operation these filters. Naturally, they were not looked upon with 
favor the great majority engineers. During the last five years 
there has been great increase our knowledge the leading features 
connected with these filters. This particularly the detailed 
knowledge coagulating processes, which are such vital matter 
this type filter. Without coagulation one can expect from them 
hygienic efficiency. already stated, the proper degree coagu- 
lation the water enters the sand layer the keynote their 
successful work. When this satisfactory, such factors rate 
filtration, size sand grain, thickness sand layer and detailed 
method cleaning the sand layer, appear, within reasonable limits, 
drop into comparative insignificance. one time was quite 
universally feared that the use such coagulants sulphate 
alumina might result prejudicially the health those using water 
purified this manner. result most careful studies upon 
this point, may now stated that when the coagulant applied 
proper quantities the presence proper quantities alkaline con- 
stituents the water, there need fear undecomposed chem- 
ical the effluent. With this process imperative that the 
supervision should such that time should the inadmissible 
result met applying more coagulant than can completely 
decomposed. this decomposition there conversion the 
carbonates lime and magnesia into the sulphates these bases, 
with the liberation corresponding quantity carbonic acid. 
The alumina itself is, course, removed flocculent precipitate. 

the merits filters this type were judged from the 
general knowledge their efficiency, now obtained practice 
the majority cases, the indications are that would not receive 
rating the highest grade. This seems due, part, lack 
the necessary skilled supervision small plants, and, part, 
desire avoid the expense applying quantity 
coagulant. From the results extended investigations upon the 
subject, however, considered that sufficient knowledge available 
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design and operate this method plants which will give first-class 
results, when judged practically from the highest plane excellence. 
From the added knowledge tests short duration upon recently 
constructed plants practice, felt the speaker that the laws 
this process, far they have been formulated, are substantially 
sound and accurate. 

Concerning the applicability this method purification, 
the judgment the speaker that, for the non-clay-bearing waters, 
which are low amount dissolved color, is, rule, less 
suitable than English sand filters. This based the present 
general evidence that for this type water the English filters can give 
thoroughly satisfactory effluent, and total cost equal 
slightly less than that American filters; that the use coagulants 
avoided where not imperative; and that the use coagulants 
for these waters especially undesirable and exacting the control 
their application, due their low alkalinity. There are, course, 
exceptions this general rule, such, for instance, cases where the 
compact form the American filters would permit location where 
extra pumping would avoided, and where this could not done 
with English filters. 

The especial field usefulness for the American filter connection 
with the purification those waters which are highly colored, 
highly charged with sub-microscopic clay particles, that im- 
possible obtain satisfactory results without the use coagulants. 
With waters which require coagulant, either constantly for the 
great majority the time, the present evidence shows that, rule, 
the American system purification the better. For very turbid 
waters this system consists plain subsidence, coagulation and sup- 
plementary subsidence, and mechanical filters. For such waters the 
use English sand filters would increase the total cost somewhat; 
they would give normally higher grade purification; they would 
more difficult operate; and, for the latter reason, there would 
tendency for them yield less satisfactory effluent times when 
the river water would most variable character. 

explanation the point that, with English filters, purification 
plants for very turbid waters would more difficult operate, may 
said that the great rapidity with which the character the water 
changes makes very difficult, and measure impossible, apply 
all times just the proper quantity coagulant the inlet the 
coagulating basin. Obviously, this would kept low consistent 
with good efficiency, for the sake economy. should found 
that the application coagulant was too small, possible with 
American filters correct this adding more coagulant the water 
reaches the filters, thus maintaining the efficiency the plant. With 
English filters this not possible, because, the coagulant were 
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applied atthe outlet the coagulating basin, would clog the surface Mr. Fuller. 


the sand very quickly, and put the entire plant out service for 
some little time. From standpoint, the speaker attaches 
great importance this feature, which was repeatedly noted during 
the investigations Cincinnati. 

There has yet been very little experience the purification 
waters containing large amounts dissolved color. Judging from 
experience with the recently completed works Norfolk, Va., 
appears that the American method with mechanical filters the better, 
for reasons similar those stated for the clay-bearing waters. 

Concerning the purification those intermediate types water, 
which for short periods are moderately colored turbid, there are not 
sufficient data draw any well-defined lines. careful study local 
conditions, with reference the characteristics the two methods 
purification, can alone settle the matter properly for the present. 


Sc.*—The remarks the American practice with Dr. Rideal. 


mechanical filters has greatly interested the speaker. Speaking 
English chemist and bacteriologist, thought that the lesson 
learned from this discussion was that English engineers should give 
these mechanical filters trial this country, parallel the trials that 
American engineers were giving the English method sand filtra- 
tion. Mr. Fuller’s remarks seem show that there future for 
mechanical filters England, where recent practice has been 
away with the sand-filtered water supplies from rivers, and tothe 
mountain and upland surface waters, many which, containing vegeta- 
ble coloring matter, would seem very amenable this mechanical 
filtration. These waters frequently give rise plumbism. With 
mechanical filter using alum (and lime, the water not sufficiently 
hard from carbonate lime), the coagulant would correct that evil; 
that with mechanical filtration, using alum with without lime, 
should affect removal the vegetable coloring matter and prevent 
plumbism the same time. Thatour method sand filtration seems 
generally give better bacterial purity than the mechanical filters, 
may due the fact that the latter have been worked much greater 
rate, and perhaps with the minimum quantity coagulant, without 
due regard the reduction bacteria; difference that doubtless 
could removed. 

Neither method filtration can, however, regarded satisfac- 
tory means for preventing the appearance pathogenic germs 
water. matter how small the fraction the organisms left, there 
might among them some which might injurious health. 
Therefore, although either sand filtration mechanical filtration 


very good line defence, not the only line defence one should 
rely upon. 
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The speaker believes that the question sterilizing water will soon 
become prominent, and that the removal pathogenic organisms can 
only effected satisfactorily and economically heat sterilizing. 
used the term sterilizing somewhat misleading phrase) pur- 
posely, because wished body engineers that 
not question heat sterilization all, but temperature condi- 
tion. The organisms are killed when they reach certain temperature, 
and maintenance this condition does not necessarily involve the 
expenditure any energy. 

The problem bringing body water high temperature, and 
keeping that temperature sufficiently long ensure the death 
the organisms present, one which believes would worth while 
for engineers this country and the States pay special attention 
to. The cost bringing very small quantities water—perhaps two 
three pints per head the population, instead the 
gallons—to temperature which will ensure the killing off the 
pathogenic organisms, cannot very large. proper system in- 
coming and outcoming the water, and possibly vacuum jacket 
such used for maintaining very low temperature, the expendi- 
ture the heat energy, either gas electric heating, which would 
required for bringing about such local sterilization water for 
potable purposes, would very small indeed. Probably the States 
this country legislation could brought bear the 
same way that now have by-laws for limiting the quantity waste 
flushing closets. this way would possible for the munici- 
palities supply every consumer machine for producing sufficient 
sterilized water for potable purposes, while leaving the supplies and 
mains their present condition. 


Henry Davey,* Inst. E.—The speaker thinks that high 
tribute due Mr. Hering for his discussion, which the case 
stated very clearly, and which opinions are expressed which seem 
perfectly accordance with the facts practice. this question, 
and referring only the English practice, what has been termed the 
sand filter, the speaker, who for many years had charge very 
large filter beds dealing with large quantities very impure river 
water which necessary filter and bring into proper state for 
domestic use, has very little say, because the general principles 
have been thoroughly stated that could only repeat what has been 
already said, into minute questions detail which would not 
profitable. 

would, however, like emphasize what has already been said. 
The question sedimentation highly important one. storage 
reservoirs can made sufficiently capacious, the quality the water 
may improved that the work the filters reduced. the 
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sand filter, has been pointed out already, only the thin layer 
the surface that does the work, and the object maintain that thin 
‘stratum quiescent state order that the bacteriological effects 
may properly take place. The rate filtration, then, important 
point, because time must given for these bacteriological operations. 
Four inches per hour has been named, and that, according the 
speaker’s experience, good practice England; but, Mr. Deacon 
has intimated, the longer the filter works, the less will rate. 
average ins.-is taken, may too rapid begin with. 
know that when the water put the filter immediately after the 
filter has been cleansed, that there very little effect—the water goes 
through. The filter should worked for the first two three days 
exceedingly low order produce the film that neces- 
sary without letting many bacteria through. When the filters are 
newly made they should worked very slowly indeed get the best 
results. Much depends the class water, but, from the speaker’s 
experience, ins. per hour should the maximum with waters that 
are high bacteria. 

Although thin layer sand all that necessary maintain 
the surface film, yet considerable thickness desirable, for the 
reasons which have been mentioned Mr. Deacon. The speaker has 
found that section the filter bed having depth sand say 
ft., there are streaks pollution through the sand, showing that 
that had been very much thinner much polluted matter would have 
gone through. thinks safe thing have great depth 
sand, but, has been already pointed out, should sand and not 
pebbles and gravel, which are only support. important 
point which has given the speaker considerable trouble that, unless 
the inlet the filter properly constructed, the current water 
around disturbs the sand, and the water once finds its way down 
through without the surface film being formed. not necessary 
into the actual construction, but merely mention that the distri- 
bution the water over the filter and the filter, such way that 


the surface not disturbed, important point taken into 
consideration. 


Am. Soc. E.—The speaker would like ask 
some the learned gentlemen who have discussed these questions, 
and who have had experience filtration, explain how eliminate 
from the filtered water, after has gone through the filter, all the 
filthy things, such the drainings from cesspools, stables, dye houses, 
tanneries and everything that borders the streams which flow into 
the river; how can those impurities, which are held solution, 
eliminated, and good water secured filtering? 

The real secret this evil consumption foul water lies often, 
and, indeed, most cases, the short-sighted, make-shift way 


Mr. Davey. 


Mr. Greene. 
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which communities treat this, one the most important subjects 
connected with their life and health. numerous instances, all over 
this and other countries, large cities and small communities, upon 
this plan doing things, have ex- 
pended large sums upon impure water improvement, knowing 
the start, and growing worse every year; and, even with such 
experiences, and enlarge the same, great outlays money, 
which they only increase existing evil, instead putting the 
knife the root and expending their money for new plant secure 
pure, approximately pure, water. Philadelphia, Pa., and Bangor, 
Me., are striking examples this class. short, the speaker does not 
believe practicable possible obtain pure water filtering 
water which loaded with impurities held solution when the filtering 
process begun. 

The surest way get pure water further and spend more 
money and get water that pure and fit use, without the artificial 
and never-satisfactory process filtering. 

Dr. Ap. (Antwerp, Belgium).—It apparently easy 
point out many shortcomings the introductory discussion, and prac- 
tically this what has been attempted the various speakers. But 
closer examination appears that all that has been said may 
found very concise form Mr. Hering’s discussion, the interest- 
ing discussions being but instances the general principles laid down 
basis. 

There is, however, one important point which necessary em- 
phasize. The action sand filtration essentially biological one. 
The mechanical action straining obvious; but, microbes are much 
smaller than the interstices between the grains, this action alone does 
not account for their retention, and absolutely inadequate for the 
reduction the dissolved organic matter. Various theories have been 
proposed; the one which considers reduction fermentation 
consistent with the greatest number and the greatest variety facts. 

So, for example, apparent contradiction can easily explained. 
Animal pollution easily reduced filtration, while have 
the authority Mr. Fuller that vegetable color extremely hard 
remove. Now know from our school chemistry that vegetable 
organic compounds are much more stable than animal nitrogenous 
contamination; the filter masters the one and fails with the other. 
Besides, microbes not act all substances; racemic acid the tar- 
trate will destroyed and the right remains unaltered; similar cases 
are likely occur with the mixture call organic matter water. 

Negative proofs can given that biologicalaction. moderate 
climates, the bacterial efficiency sand filtration over 99%; but 
colder climates, like Warsaw and Odessa, only 96% reached, and, 
according Simin (Moscow), the reduction low per cent. 
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There was spell sharp frost over Western Europe December, Dr. Kemna. 


1899. The cold had not set three days before the filters Antwerp 
gave insufficient bacterial and chemical purification. The size 
pin’s head the slimy upper layer gives the field the microscope 
generally over 200 living organisms, chiefly diatoms; during the cold 
there were and seems reasonable admit that their vital 
activity also greatly diminished. chemical process (iron and 
marble) was applied with good results insure the quality the 
supply. 

Another proof the interesting fact that Louisville, according 
Mr. Fuller, ordinary sand filtration does not work; the high tur- 
bidity the Ohio water shuts out the light, which essential the 
development diatoms. 

The sand filter has been, and still, many places, very simple 
thing; heap sand; water poured the top and extracted 
from underneath; worked foreman, who knows, course, 
how much water pumps the filters, but cannot always tell 
how much each particular filter doing, its speed, etc.; generally the 
filters are left settle that between themselves. This the acme 
simplicity. 

But now compare with what has been said the present time. 
the intake end, Mr. Lindley wants very elaborate arrangement for 
subsidence, worked differently according meteorological data. 
summer the water made travel downward; winter 
take the reverse course. The admission the filters regulated 
automatic processes keep constant level above thesand. The 
filter itself, described 1889* presented many special features, 
namely, series layers gravel systematically arranged. The 
water not allowed leave the filter without having pass special 
chamber, with automatic machinery regulate its flow. But its 
troubles are not over yet, for now comes Dr. Rideal, who says: 
Filtration does very well; takes out 99.9 and series 9’s 
microbes, and want kill heat the last one.” All these various 
processes added together make long list complicated appli- 
ances. 

has been said that facts are the only things considered engi- 
neers. But facts are nothing themselves and they get bearing 
only conjunction with theory explain them; contended 
that there theory, that means only that there avowed theory 
and that are led unconscious one. Can there any doubt 
that outspoken theory, which can discussed, preferred? 
The very common belief that theory practical avail and 
the best intellectual luxury utterly wrong; inquiry 
causes phenomena and the reasons for things and therefore 


*Congrés pour des Eaux Fluviales, Paris. 
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absolute necessity. better example can adduced than sand fil- 
tration itself, which made progress during fifty years, and was 
rapidly modified and perfected soon the biological theory gave 
the right explanation. will pay examine the light our 
theoretical knowledge, far possible, the various complications 
which have been proposed the ordinary sand filter. But the 
same time must keep mind that there are practical limits. 

Taking again the course the water, meet first sedimen- 
tation, relied upon England for improving the quality. Direct oxy- 
genation the explanation which probably the minds most 
engineers; but experimental proof this action could not given. 
Mr. Fuller has suggested another cause—the subtraction dissolved 
organic matter the suspended clay. Then there vegetable life 
favored light, which also does good deal. But still open 
question whether the amount preliminary purification worth the 
money invested large reservoirs. 

When the water kept constant motion, Mr. Lindley’s scheme 
seems the best ensure the utilization the full volume the reser- 
voir for decantation. The walls and partitions necessary make the 
different channels are small extra cost when the reservoir covered, 
must under climate like that Warsaw. But when ordi- 
nary open reservoirs are used, the surplus expenditure becomes com- 
paratively large. can avoided altogether, however, subdivid- 
ing the reservoir into separate sections, successively drawn upon, and 
which there will flow all; many observations seem show 
that there better settling with few hours’ complete rest, than with 
long run even avery slow speed. This very simple theoretical 
consideration enables consider the complications the intake, 
not absolute advantage all cases. 

great deal simplification has been done Mr. Lindley him- 
self the gravel. The only part the gravel has play give 
support the sand and exit for the water; and soon this 
done efficiently, nothing more wanted. 

The thickness the sand much-discussed question; the small 
size the grain all-important for the mechanical action strain- 
ing; the thickness the bed all-important with the physical theory 
surface action, very popular some decades ago, when chemistry 
told that dissolved matter was abstracted from the water. But 
undisputed fact that quartz has only very limited power adhe- 
sion, quite unlike that which marked with aluminum compounds. 
the light the biological theory, the sand something like the 
gravel—a support the superficial living layer. The well-ascer- 
tained fact that thick filters give effluent more constant bacteri- 
ological composition has received simple mechanical explanation 
from Allen Hazen, Am. Soc. E.; the layer 
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some places, thick bed sand allows only small Dr. Kemna. 


direct flow, and contamination kept down minimum. 

the reduction dissolved organic matter fermentation, 
some time must allowed for it; the retention the microbes 
sort compromise between the erosive mechanical action running 
water and the stickiness the stuff coating the sand grains; for these 
two reasons the rate filtration must kept within certain limits. 
The ins. per hour, about 2.5 per day, the limit fixed the 
German Imperial Health Office; limit, and, the engineer 
Birmingham has very well pointed out, that speed cannot always 
given. The pace walking is, say, m., but that cannot 
expected from child. When filter has just been scraped its 
infancy and must worked very gently first. soon the fil- 
tering layer has formed, the speed may increased, and, according 
experience Antwerp, may much more than the ins. per hour 
and still give good results. 

The suggestion Dr. Rideal sterilize the water based the 
fact that some epidemic diseases are caused water-borne microbes. 
obvious that absolute security can only obtained complete 
sterilization, but the practice fifty years’ filtration proves that the 
risk contamination exceedingly small one. heating appara- 
tus for thousands cubic meters means large expense; special 
canalization for few liters water day another big item. 
question whether that very small increase security worth the 
extra expense, the more the temperature 70° Cent., men- 
tioned Dr. Rideal, will certainly not kill all the spores, some 
which are very resistant. 

The discussion has wavered between English and American filters. 
both cases sand applied, but that the only point they have 
common. both cases this point unimportant, the sand being 
only support—in the ordinary filter support layer and 
clay which biological actions are prominent—in the mechanical 
filter, merely for straining out the coagulum. Ordinary sand filtration 
not all artificial process. cannot order life multiply, 
and the microbes and work special way; are com- 
pletely their mercy. the mechanical filter chemical compound 
known composition and predetermined reactions used which 
can adequately dosed. The comparison between the two processes 
really antithetic one. 

useless emphasize the necessity purifying all superficial 
waters when used for distribution. only question cost, 
depending, course, the amount water treated; that the 
possibility bettering supply intimately connected with the 
stoppage leaks and wasteful use. This appears very large 
England and absolutely enormous America. causes large expen- 
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diture provide water, the tenth part which only really used. 
also increases the amount sewage, making here again purification 
more costly, and contaminating the water-course, sometimes the very 
river from which the supply derived. Generally, people are shrewd 
enough not pump the same water over and over again, but send 
down the river the town below. the first case, the course the 
water circulus life; the second case, spiral. 

Referring the remarks Mr. Walter Hunter, the speaker feels 
bound say that the abandonment bacteriological analyses for the 
water-supply six million people step the wrong direction. 

Answering Mr. Greene, must admitted that pollution cannot 
kept out, and must therefore dealt with. This the filter does, 
and the fact should emphasized, that sand filtration not arti- 
ficial theoretical process, that natural process, especially 
because that process exactly like what goes the purification 
springs, which invalidates the sentimental argument against purified 
river water. clear, beautiful, wholesome spring something 
which comes out the ground; but before coming out was in; and 
before being had come from above rain water through 
the air. The first stage entrance, viz., the percolation through the 
upper layers soil stage enormous pollution, much greater 
than that any stream. But lower down all taken out the 
natural agencies the soil and series very complicated chemi- 
cal, physical and bacterial processes, exactly the same the sur- 
face layer sand filter. Engineers and scientists who have charge 
sand filter cannot claim that they the work; itis the filter 
which does for them, and does very well. 


Inst. E.—The speaker agrees with Mr. 
Davey and other speakers the desirability sedimentation before 
filtration, doubt eases the working the filters, but wishes 
present deal especially with Dr. Rideal’s remark, the effect that 
necessary take the last odd microbe out the water. 
lects very well being told Mr. Hawksley, whose name well 
known the water world, that when was the meeting the 
British Association Bristol two years ago, there was learned scien- 
tist there the same profession the learned doctor himself, who 
stated that had put his children sterilized food and water and 
they immediately began droop. found was absolutely neces- 
sary return ordinary food and ordinary water order that they 
might thrive. That practical illustration. The speaker thinks 
owe immense deal the chemist and bacteriologist, who set 
ideal which could strive attain; but still believes they 
sometimes beyond what possible attain practice, and also 
beyond that which really desirable. has noticed that sometimes 


Engineering Director, Grand Junction Water-Works Company London. 
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sample water has been termed inferior quality, because hap- Hunter. 


pened have just double the quantity certain chemical matters 
contained another sample. Take organic carbon, One 
sample had 100 000 parts, and another sample 0.309, the differ- 
ence being 0.147 100 000 parts, Again, organic nitrogen 
one sample was 0.028 100 000 parts, and another 0.033, differ- 
ence 0.005 100 000 parts, These are figures one 
cannot easily grasp, and are really infinitesimal, both samples being 
equally good for all practical purposes. 

After all, the great testimony quality any water found 
the statistics regard the health the community supplied. 
The admirable way which the water supply London conducted, 
for instance, can shown. When the death rate the Metropolis 
is, was week two ago, something between and per 
thousand, and when the average for the year continues from year 
year something between and 19, and when, too, the very small 
amount enteric fever which have this enormous city noticed, 
the inference that the filtration the water carried out very ad- 
mirable way, and that the community has need fear regard 
the quality that water, seems fully justified. The Thames has been 
wonderfully improved the action the Thames Conservancy dur- 
ing the past few years. The raw water taken from the river least 
better than was. are able deal with absolutely well 
filtration, taking out something like from 99%, 99.999% 
the microbes, and the chemical analyses, made Sir William 
Crookes and Professor Dewar, and also the government analyst, 
Doctor Thorpe, are most satisfactory. The speaker desires that 
Doctor Thorpe, the new chemical examiner for London, has dropped 
the system microbial examination which was adopted the late 
Sir Edward Franklin, and confines his attention chemical analysis. 


very sorry not have had the pleasure joining the oral discussion, 
but urgent unforeseen business had prevented him from doing so. 
opinion that the exchange views between brother engineers dif- 
ferent countries very desirable and tends the end break down 
that barrier apparent indifference which times seems exist. 

will confine his remarks point sapd filtration, which 
frequently overlooked. 

When Simpson first introduced sand filtration the Chelsea Works 
large scale, about the year 1839, had idea what manner 
the purification water was brought about this process; imita- 
ted Nature, and, Nature’s own processes are generally simplicity and 
perfection, succeeded. Since then this process has become popu- 
lar all countries, and its application has extended from year 
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year, but its merits were only instinctively guessed and were not 
exposed and explained scientifically until within the last 
years, when, chiefly through the means supplied Koch, had 
become possible ascertain the organized matter water, e., the 
germs, microbes, micro-organisms, whatever name may give 
these minute beings, which belong the vegetable kingdom. 

The results then obtained clearly proved that the process puri- 
fication sand filtration was chiefly brought about physical 
mechanical agencies, e., the suspended matters, both organized and 
anorganized (living and dead) were removed, but the chemical compo- 
sition the water was but little affected. 

How did this take place? 

The slimy skin, which formed sooner later the surface 
every sand filter, when surface-derived waters were being filtered, 
acted very fine strainer catching and retaining the suspended 
matters the water. degrees this skin became exceedingly 
retentive that would not even allow the liquid pass through, and 
then the filter had cleaned. 

But there was almost impermeable layer gradually forming 
the sand surface, how was the air pass through, without which 
the micro-organic life could not carry its work the pores the 
sand, gradually splitting organic matters them into 
mineral substances? And even the process mineralizing organic 
matters were not entirely due biological agencies, was pretty well 
established that the absence oxygen these changes soon came 
standstill. 

When remembered that sand filters are now being filled from 
below, and that every care taken drive out the air contained 
the mass the sand; when further kept mind that afterward 
impermeable skin gradually formed the surface, not sur- 
prising find the results previously stated, viz., the removal from 
the water all suspended matters, but great improvement the 
chemical composition the water. 

The writer had been asked how explained slight chemical 
improvement which was noticeable with most waters, and had stated 
that these small chemical changes went until the oxygen contained 
the sand and water was used up. 

Totally different the sand filtration drinking water was the fil- 
tration sewage any other impure liquid through land, which pro- 
cess the writer had named the natural self-purification sewage. 
Here was the utmost importance prevent crust forming 
the surface the land, admit plenty air the micro- 
organic life the soil, which carried the benevolent work 
mineralizing organic waste matters. 

The writer has not time into the very interesting difference 
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between water and sewage filters, and will only point out that the con- Mr. 


ditions work them are reversed, hence the results are reversed 
also. the filtrate from sand filters there are but few germs and 
chemical improvement; the effluent from sewage filters there are 
millions germs and decided chemical improvement. 

conclusion, the writer opinion that the raw material for 
supply for drinking purposes should chemically and other- 
wise free from objection possible, reduce the difficulties 
and the costs purification, because lengthy and expensive 
process use first filter constructed the same principles 


sewage filter and afterward water filter, now understand 
them. 


Roechling. 
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MINUTES MEETINGS. 
THE SOCIETY. 


October 3d, 1900.—The meeting was called order 
Vice-President Rudolph Hering the chair; Charles Warren Hunt, 
and present, also, members and visitors. 

The minutes the meetings September 5th and 19th were ap- 
proved printed Proceedings for September, 1900. 

paper David Molitor, Am. Soc. E., The Theory 
and Practice Precise Spirit Leveling,” was presented abstract 
the Secretary, who also read written communication the subject. 
Herbert Wilson, Am. Soc.C. The subject was also briefly 
discussed Mr. Hering. 

Messrs. Myers, Jr. and Evans, Assoc. Ms. Am. Soe. 


E., were appointed tellers canvass ballots the following proposed 
amendment the Constitution. 


iy 
- 
i 
| 
4 
4 
4 
| 
ly 
| 
4 
4 
{ 


& 


216 MINUTES. MEETINGS. [Society 


Amend Article VII, follows: 


out this section and substitute the 
following: 

the Annual Meeting each year, seven Corporate Mem- 
bers, not officers the Society, one from each the geographical 
districts, shall appointed the meeting serve for two years; 
who, with the five living last Past-Presidents the Society, shall 
committee nominate officers for the Society. 

The Board Direction may prescribe the mode procedure for 
appointing this Committee. 

Committee appointed shall meet the Annual Convention 
the Society, and nominate candidates fill the offices, named 
Article provide, with the officers over, Vice-Presi- 
dent and six Directors residing District No. and twelve Directors 
divided equally, with regard number and residence, among the 

list nominees for the offices filled the next Annual 
Election shall presented the Committee the Board Direction 
within ten days after the nominees have been selected.” 


The tellers reported the vote follows: 


The Chairman declarded the amendment adopted. 


The Secretary read the list nominees* presented the Nomi- 
nating Committee for the offices filled the next annual elec- 
tion. 

Ballots were canvassed, and the following candidates were declared 
elected. 


FREDERICK CHRISTIAN HOLBERG Lafayette, Ind. 
ARCHIBALD Frew, Queensland, Australia. 

ALEXANDER WEBER, Havana, Cuba. 

Lowrey Milwaukee, Wis. 


MEMBERS. 


GARNETT New York City. 

Berts, New York City. 

Bryan New York City. 

Henry Saltillo, Coahuila, Mexico. 


*See page 219. 
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New York City. 
JANNEY, Centerville, Idaho. 
Kaun, Tokio, Japan. 

Henry Memphis, Tenn. 
Prince, New York City. 
Roy, Hamilton, Canada. 


The Secretary announced that the following candidates were elected 
the Board Direction, October 2d, 1900. 


ASSOCIATES. 


ACKERMAN, New York City. 
Chestnut Hill, Mass. 


JUNIORS. 


Mortimer Day, New York City. 
Horace Remer Detroit, Mich. 
Epwarp Eastman Minor, New Haven, Conn. 
New York City. 


Adjourned. 


October 17th, 1900.—The meeting was called order 
Vice-President Whinery the chair; Charles Warren Hunt, Secretary, 
and present, also, members and visitors. 

paper Octave Chanute, Past-President Am. Soc. E., 
entitled The Preservation Railway Ties Europe,” was read 
the Secretary, and discussed orally Messrs. Croes, 
Boardman Reed, North, George Tillson, Mendes Cohen, 
Whinery, Ward Baldwin and Howe. 

The Secretary announced the death George Dana Emerson, 
elected Member September 18th, 1872; died September 28th, 1900. 


Adjourned. 
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THE BOARD DIRECTION. 


(Abstract. 


October 2d, 1900.—8.10 m.—Vice-President Hering the Chair; 
Charles Warren Hunt, Secretary; and present, also, Messrs. Knap, 
Morison, Noble, Ricketts, Schneider, Seaman, Turner, Whinery, 
Wisner. 

report was received from Committee appointed report the 
status the Juniors elected prior the adoption the present 
Constitution. 

The report the Nominating Committee was received.* 

Resignation Robert Gordon, Am. Soc. E., was presented 
and accepted. 

The date the next monthly meeting the Board was fixed 
Friday, November 2d, 1900. 

Applications were considered and other routine business considered. 

Two candidates for Associate and nine for Junior were elected. 


Adjourned. 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


MEETINGS. 


Wednesday, November 7th, 1900.—8.30 regular business 
meeting will held. Two papers will presented for discussion: 
Between the Great Lakes and New York,” Joseph Mayer, 
Am. Soc. E., and Economic Dimensions for Waterway 
from the Great Lakes the Atlantic,” George Wisner, Am. 
Soc. 

These papers are printed this number Proceedings. 


Wednesday, November 1900.—8.30 m.—The discussion 
the subject introduced the papers Messrs. Mayer and Wisner will 
continued. 


See page 219. 
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LIBRARY CATALOGUE. 


hoped that the Catalogue the Library will soon ready for 
distribution. Members who wish have this volume bound the 
usual standard binding can notifying the Secretary before 
November 1900. The volume will uniform size with recent 
volumes 


LIST NOMINEES FOR THE OFFICES FILLED THE 
ANNUAL MEETING, JANUARY 16th, 1901. 

The following list nominees for the offices filled the an- 
nual election, January 16th, 1901, were presented the Nominating 
Committee the Board Direction its meeting October 2d, 
1900, and announced the meeting the Society October 3d, 1900. 
The list has already been mailed all Corporate Members. 


For President, serve one year. 


James New York City. 


For Vice-Presidents, serve two years. 


New York City, representing District No. 
Milwaukee, Wis., representing District No. 


For Treasurer, serve one year. 


New York City, representing District No. 


For Directors, serve three years. 


New York City, representing District No. 
Boston, Mass., representing District No. 

Rochester, Y., representing District No. 
Washington, C., representing District No. 
Cleveland, Ohio, representing District No. 
Carter, Chicago, representing District No. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(September 13th October 10th, 1900.) 


This list published for the purpose placing before the members 
the Society the titles current engineering articles, which can referred 
any available engineering library, can procured addressing 
the publication directly, the address and price being given wherever 


possible. 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

(2) Proceedings, ‘Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

(3) Franklin Philadel- 


(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 
Transactions, Can. E., Mon- 
treal, Que., Can. 
(6) School Mines Quarterl 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
oston, Mass., 
(8) Stevens Indicator, Stevens 
Institute, Hoboken, J., 
(9) Magazine, New York 


(10) Magazine, New York City, 


New York City, 35c. 
(12) The Engineer (London), International 
News Co., New York City, 35c. 
(13) Engineering News, New ork City, 


(14) Record, New York 
ity, 12c 
(15) Gazette, New York City, 


(16) Engineering and Mining Journal, 
New York City, 15c. 
Journal, New York 
(18) Railway and Engineering Review, 
Chicago, 
(19) Scienti Supplement, New 
York 
(20) Iron Age, New York City, 10c. 
(21) Railway Engineer, London, Eng- 
(22) Iron and Coal Trades Review, Lon- 
don, England. 
(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 
(24) American Gaslight Journal, New 
York City. 10c. 
(25) New York City, 


Electrical Review, London, England. 
27) Electrical World and Electrical En- 
gineer, New York City, 10c. 
(29) Society Arts, London, 
Eng 


(30) Annales des Travaux Publics 
Belgique, Brussels, Belgium. 

(31) Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels. Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris, France. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines, Paris, France. 

(35) Nouvelles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Mecanique, Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


Railway Age, Chicago, 

(42) Transactions, Inst. Elec. Eng., 
New York 

Paris, France. 

(44) Journal, Military 
tion, Island, New York 
Harbor, 75c. 

(48) and Minerals, Scranton, Pa. 


(46) American, New York City, 
(47) Mechanical Engineer, Manchester, 
England. 


(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) Zeitschrift fir Bauwesen, Berlin, Ger- 


many. 

(50) Stahl und Eisen, Duesseldorf, Ger- 

(51) Deutsche Bauzeitung, Berlin, Ger- 

(52) Rigasche Industrie-Zeitung, Riga, 


ussia. 

(53) Zeitschrift des oesterreichischen In- 
enieur und Architekten Vereines, 
ienna, Austria. 

Den Tekniske Forenings Tidsskrift, 

Copenhagen, Denmark. 
(55) Copenhagen, Denmark. 
(56) Stockholm, Swe- 


Teknisk Ugeblad, Christiania,Norway. 
58) Proceedings, Eng. Soc. Pa. 410 
Penn Ave., Pittsburg, Pa. 50c. 
(59) Transactions, Mining Institute 

Scotland, London and Newcastle- 


(61) Proceedings, Western Railway Club. 
225 Dearborn St., Chicago, 
(62) Manufacturer and ‘Tron 
World, Ninth St., Pittsburg, 
(63) Minutes Proceedings, Inst. 
London, England. 


are references made this month’s list German and Swedish 


periodicals, 
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LIST ARTICLES. 
Bridge. 


Low-Level Concrete Bridge over the River, Queensland.* Alfred 
Barton Brady, Inst. (63) Pt. 
r 


Moving Loads Railway Underbridges.* William Bean Farr, Assoc. Inst. 


(63) 

Hydraulic Method Sinking Cast-Iron Piles.* (18) Sept. 15. 

Pontoon Swing Bridges over the River Weaver Northwich, England. John Arthur 
Saner. (13) Sept. 20. 

Reinforcing the Newburyport Suspension Bridge.* (14) Oct. 

Seventy-One Ton Plate Girder. (14) Oct. 


Théorie Générale des Poutres Vierendeel.* Vierendeel. (32) August. 


Electrical. 
Electric Transmission Plants Moodie’s, Kaap Goldfields, Transvaal. Henry James 
Shedlock Assoc. Inst. (63) Pt. 


metrical Alternating Currents means Electrolytic 
Polarization. Walter Leo Hildburgh. July. 


How Can Central Stations Earn Larger Revenues? Albert Herrick. (27) Serial 
beginning Sept. ending Sept. 15. 

Electrical Travelling Cranes. Claude Hill. (26) Sept 

The Electricity Glasgow.* Sept. 14. 

New Switches for Electric Motors Mines.* (22) Sept. 14. 

New Automatic Motor-Starting Switches.* (47) Sept. 15. 

Central Battery Telephone System. (27) Sept. 15. 

Telephone Trunk Circuit. (27) Sept. 15. 

(24) Sept. 17. 

The Ethics Insulating Materials. Wright. (26) Sept. 21. 

Wireless Telephony. Sir William Henry Preece. (26) 21. 

with Special Referenceto Guard Wire. Sydney Woodfield. (26) 

The Fountains the Paris Exposition.* (27) Sept. 22. 

Storage Battery—Its Use Small Roads. Van Nostrand. 

Railway Power J.H. Armstrong. (17) Sept. 22. 

Motor-Driven Lathes.* (26) Sept. 28. 

Interior Wiring. (26) Sept. 


Storage Batteries Railway Power Stations. Prof. Norris. (17) Sept. 29. 
Systems and for Light and Power Distribution. Steinmetz. (27) Serial 
beginning Sept. 29, ending Oct. 


Electric Cables for High-Tension Service: How They Are Made and Tested the United 
States.* William Maver, Jr. (10) Oct. 

Electric Plant Windber, Pa.* (45) Oct. 

Gearing for Electric Motors. Alfred Gibbings, Inst. (10) Oct. 

Mistakes the Rating Incandescent Lamps. Arthur Rowland. (3) Oct. 

Electric Traveling Cranes. Williams. (62) Oct. 

Rotary Transformer Danforth. (17) Oct. 


Combination Lighting and Traction Plant, Southport, England.* (27) Oct. 
The Storage 


—Its Use Railway Plants. Thomas Henning. (17) Oct. 
Burning Pulverized Coal. (18) Oct. 


The Street Railway System Kansas City.* (27) Oct. 

Notice sur les Tramways Limoges.* Delage. (43) Second trimestre. 

Les Transports Electriques Chemin Fer Plate-Forme 
Mobile.* Alfred Boudon. (33) Serial beginning Sept. 15, ending Sept. 22. 

Marine. 


(17) Sept. 22. 


(63 t. IT. 

The Propelling Machinery Torpedo-Boat Destroyer. William David Seton Brown, 
Stud. Inst. (63) Pt. 


Flooding the New Dry Dock Excavation the Boston Navy Yard.* Frank Maxson, 
Am. (14) Sept. 22. 

The Damage the Oregon.* (46) Sept. 29. 

The French Navy.* (19) Oct. 


Corrosion Marine Boilers. John Dewrance, (63) Pt. UI. 

Mean Effective Temperatures Unit Comparison for Heat Engines. Charles 

ingle-Cylinder Engines the Paris Exhibition. Kilburn Scott. (26) 

Double Triple-Expansion Engine.* (11) Sept. 


Lathes the Paris Exhibition. (11) Sept. 14. 
The Comp 


arative Cost Generating Power the Steam Engine, Water Turbine, and 
Gas Engine. John Kershaw. (11) Serial beginning Sept. 14, ending Sept. 21. 
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Mechanical—(Continued). 


Beiler Explosions the Thames. Sept. 14. 

Mechanical Stoking.* (19) Serial beginning Sept. 15, ending Sept. 29. 

Engine Breakdowns.* Michael Longridge. (47) Sept. 15. 

Mammoth Lathe for Turning Granite Columns.* (20) Sept. 20. 

Modern Force Pump: Specifications Pump with Wide Range for Blast 
Furnace.* (62) Sept. 20. 

Screw Threads Used Cycle Construction, and for Screws Subject Vibration. 
Clements. Sept. 21. 

600-H. Two-Stroke Cycle Gas Engine Using Blast Furnace Gas. Sept. 27. 

Screw Gauge Committee the British Association, 1900. (29) Sept. 28. 

Compressed Air Motors. (17) Sept. 29. 

Precision Steam Power Making. A.S. Mann. (17) Sept. 29. 

Regulating Device for Air Compressing Engines.* (47) Sept. 29. 

Report Screw Gauges. 29. 

The Centralisation the Steam-Condensing Plant.* Harry Oldham. (9) Oct. 

The Thousand-Miles Automobile Trials.* Beaumont. (9) Oct. 

Recent American Steam-Engine Practice.* James Stanwood. (10) Oct. 

Machine Tools, Cranes, Boilers and Engines.* Joseph Horner. 

10) Oct. 

Suction Air Chambers for Pumps.* Wheeler. (10) Oct. 

Water Cooling Towers.* Reavell. (10) Oct. 

Care Boilers. (45) Oct. 

Can Boiler Prevented? W.H. Wakeman. (41) Oct. 

Gas Engine Design.* Stoddard. Oct. 

The Westinghouse Gas Engines.* (19) Oct. 

Machine Vapeur Verticale, Triple Expansion Grande Vitesse.* (34) Sept. 

Metallurgical. 


The Protection Blast Furnace Linings. Hartranft. (20) Sept. 13. 
The Problem Machine Molding. Mumford. (20) Sept. 13. 
Suggestions for the Rolling Mills. Louis Katona. (22) Sept. 21. 
Position the Solution Theory Carburised Iron. Stansfield. (22) 
ept. 28. 
The Constitution Slags and the Part They Play the Metallurgy Baron 
Juptner von Jonstorff. 28. 
Corporation’s 
ept. 29. 
Influence Aluminium the Carbon Cast Iron. Godfrey Melland and Harry 
Waldron. Sept. 29. 
New.Bessemer Mill.* Oct. 
Condition the Metallurgy Iron Europe. Emile Demenge. (16) 
ct. 
Steel Castings. (18) Sept. 22. 
Les Moulés l’Exposition (33) Serial beginning Sept., 
15, ending Sept. 22. 
Military. 


Modified Welin Breech Screw.* (12) Sept. 
The New Army 16-in. Gun.* (46) Sept. 29. 


Mining. 


Electric Coal Mining. (11) Sept. 

Pit Props and Their Setting. (22) Sept. 

Gold Mining Nova Scotia.* Stuart. (16) Sept. 15. 

Shaft Sinking Potassium Salt Deposits. (16) Sept. 22. 

The Columbia Mining Company, Georgia.* Fluker. Sept. 22. 

New Method Sinking Pits Machinery.* Richard Sutcliffe. (22) Sept. 28. 

Colliery Trams. Fox Tallis. (22) Sept. 28. 

Coal Mine Maps. Morganroth. (16) Sept. 29. 

The Quartz Lodes the Atlin District, C.* R.H. Stretch. (16) Sept. 29. 

Experimental Ore Testing Works. Prof. Arthur Lakes. (45) Oct. 

Iowa Coal-Mining Methods.* J.T. Beard. (45) Oct. 

Limonite Ores Their Composition and Forms and Account the 

Places Where They Are Mined the State.* Hopkins. (45) Oct. 

Pere Marquette Mines: Description One the Largest and Best Coal 
Mines the State Michigan.* Randall. Oct. 

Tunnel Developments Coeur d’Alene. W.C. Clark. (45) Oct. 

Mining Methods the Connellsville Coke Region.* F.C. Keighley. (9) Oct. 

Copper Mining Northern Wisconsin. Kirby Thomas. (45) Oct. 

The Haile Gold Mines: Machinery Used for Concentrating the Ores and for Roasting and 
Treating them the Chlorination Process. Prof. Arthur Lakes. (45) Oct. 

Georgia Gold Mining Developments.* Wilber Colvin. (16) Oct. 


Municipal. 


Economics Street Paving. Whinery. (14) Serial beginning August 11, ending 
August 18. 


Sept. 28. 
orks Ellesmere Port, England.* Vogel. (16) 


Tilustrated. 
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Municipal—(Continued). 


Present Problems Municipal Engineering.* Thomas Courcy Meade, Inst. 
(14) Serial beginning Sept. ending Sept. 15. 

Motors for Street Watering and Dust Removal. Shrapnell Smith. (11) Sept. 14. 

Construction Granite Block Pavements. Josiah Briggs. (14) Sept. 15. 

Standard Medina Block Stone Pavements. Fisher. (14) 

ept. 15. 

Laying 24-in. Gas Main across the Harlem River.* (46) Sept. 15. 

Construction and Maintenance Brick Pavements. Kemmler. (14) Sept. 22. 

Chemical Fire Engine.* (12) Sept. 


The Reduction the Cost Distribution (of Gas) the Use High Pressures. 
Frederick Shelton. (24) 


Railroad. 
Government Railway. Guilherme Henrique Fox, Assoc. (63) 


the Simplon Tunnel.* Charles Beresford Fox, Stud. Inst. 

Draw and Buffing-Gear Railway Wagons.* George Tertius Glover. 
(63) Pt. 

Car, with Some Experiences Erecting them Egypt.* Sumner 

(58) June. 

for the Garesfield and Derwenthaugh Incline Railway.* (11) Serial begin- 
ning July 13, ending July 27. 

Loss Strength During Service Steel Rails. (21) Sept. 

Remarkable Roundhouse—Chicago Northwestern Railway.* (39) Sept. 

The City and South London Railway.* (26) Sept. 

Automatic Block Signal Failures due Lightning. Miles. (18) Sept. 

Pneumatic Signalling Plant the Paris Exhibition.* (11) Sept. 

Ditching Machine the Chicago Great Western.* (18) Sept. 15. 

Derailments. Wallace. (18) Sept. 15. 

New Interlocking Electric Switch and Signal System.* Cravath. (27) Sept. 15. 

Railway Transition Curves. Vial. (#3) Sept. 20. 

The Bumping Post.* (40) Sept. 21. 

Malleable Iron for Tramcar Details. (26) 21. 

Arch Construction for Railroads.* (18) Sept. 22. 

The Coupler.* (15) Sept. 28. 

The Taylor Electric Switch and Signal Apparatus.* Sept. 28. 

The Effect Temperature the Friction Brake Shoes.* (15) Sept. 28. 

the Tractive Force, Resistance and Acceleration Trains.* 

12) Sept. 28. 

Recent Tramway Construction; with Special Reference the Demerbe System. Will- 
iam Dawson. (26) Sept. 28. 

Rochester Sodus Bay Railway Company. Nicholl. (17) Sept. 

Passenger Locomotive, Chicago Northwestern Railway.* (25) 


Locomotive Design. F.J.Cole. (25) Oct. 

Hot Journals.* (25) Oct. 

Locomotive with Helping Cylinders” the Paris (13) Oct. 

Automatic Coupler for English Freight Cars.* (13) Oct. 

New Shops the Hannibal St. Joseph Railroad.* (15) Oct. 

Building the Pressed Steel Car. (15) Oct. 

The Arch Bar Frames (for Diamond Frame Trucks).* George King. (15) 


Note sur les Nouvelles Machines Compound Grand Vitesse, Compagnie Nord.* 
Bosquet. (38) August. 


Sanitary. 


Tropical Sanitation, with Reference Hong Kong. Robert Gervase Alford, 


The Vacuum System Low-Pressure Steam-Heating. Edward George Rivers, Assoc. 
Inst. (63) Pt. 

The Treatment Leeds Sewage. (12) Sept. 

Municipal Sewerage Systems and Assessments. Geo. Bouton. (14) Sept. 22. 

Bradford’s Refuse Destructors. (62) Sept. 27. 

The Sewerage Works Flemington, (14) Sept. 29. 

The Concord Sewage Pumping and Electric Station.* (14) Oct. 

Plumbing Detached Manufacturing Plant.* (14) Oct. 

Assainissement Mexico.* (36) Sept. 10. 

Structural. 


The Whitehall Portland Cement Works.* (14) Sept. 15. 
The Testing Portland Cement.* Popplewell. (47) Sept. 15. 


American Standard Specifications and Methods Testing Iron and Steel. Albert Ladd 
Colby. (22) Sept. 21. 
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Structural—(Continued). 


Foundations the Alliance Building.* (14) Sept. 22. 

Corrosion Wrought Iron and Steel. Henry Howe. (47) Sept. 22. 

The Creo-Resinate Wood-Preserving Plant.* (14) Sept. 22. 

Novel French Method Making Foundations Soft Ground. (13) Sept. 27. 

The New York Clearing House Dome.* (14) Sept. 29. 

Concrete and Expanded Metal Floor Tests. Walmisley. (14) Oct. 

Constructions Béton Armé: Principales Applications Avantages Caractéristiques.* 
Flament. (32) August. 


Déformations Conditions Rupture dans les Corps Solides.* Harel Noé. 
(43) Second trimestre. 


Water Supply. 


The Construction the Elan Aqueduct: Rhayader Dolau.* Lapworth, 

Turbines.* Arthur Henry Tyack, Stud. (63) Pt. 

The Water Power Holyoke, Mass.* Horatio Foster. (1) August. 

The Wachusett Dam.* Serial beginning Sept. ending Sept. 15. 

The Wachusett Dam for the Metropolitan Water Supply, Boston, Mass.* Alfred 
Flinn, Assoc. Am. (13) Sept. 13. 

Water Supply, with Description the Bradford Water-Works. James Watson, 
(11) Sept. 14. 

Water Waste and Use Washington. Capt. Gaillard. (14) Sept. 22. 

Repairing Submerged Water Main. (14) Sept. 22. 

Screens and Screen Lifters; Metropolitan Water-Works, Boston and Vicinity.* Chas. 
Sherman, Assoc. Am. (13) Sept. 27. 

Experiments the Flow Water Over Dams.* (13) Sept. 27. 

Asphalt and Brick Reservoir Linings.* (14) Oct. 

The New Pumping Station and Water Tower Vienna.* (14) Oct. 

Les Forces Hydrauliques des Alpes France, Italie Suisse. René Tavernier. 
(43) Second trimestre. 


000 Métres Cubes Capacité Ciment Armé Metal Déployé.* (36) 
ept. 10. 
Waterways. 


Short History the Engineering Works the Suez Canal.* Sir Charles Hartley, 

High-Water Protection Methods Lower Mississippi River. William Joseph Hardee, 

Hydraulic Hopper Dredges for the East Channel, New York Harbor.* (14) Sept. 22. 

Test Borings for the Isthmian Canal Commission. (14) Sept. 29. 

Rules for Heavy Concrete Work. (14) Sept. 29. 


The the Southwest Pass.* William Starling, Am. Soc. 
Oct. 
The Hydraulic Dredge Benyaurd. (14) Oct. 
Note sur Nouveau Systéme Fermeture des Ecluses Grande Chute Canal 
Roanne Mazoyer. (43) Second trimestre. 
Les Dragues.* M.R. Masse. (37) August. 
Drague Marine Godets, Succion Refoulement.* (33) Sept. 15. 


| 
q 
q 
| 
| 


7 
. 
| 
| 
| 
7 
| 
q 
| 


NEW BOOKS THE MONTH. 225 


NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


SOUVENIR, VICTORIA JUBILEE BRIDGE. 


Opened for December Anno Domini 


Metal covers, ins., unpaged, illus. Montreal, 1900. (Donated 
the Grand Trunk Railway System. 


This account the construction the Victoria Jubilee Bridge and the 
Victoria Tubular Bridge replaced. 


STREET PAVEMENTS AND PAVING MATERIALS. 


Manual City Pavements: The Methods and Materials Con- 
struction. For the Students, Engineers and City Officials. 
Geo. Tillson, Am. Soc. Cloth, 532 pp., illus. 
New York, John Wiley Sons, 1900. $4.00. 


author’s main idea preparing this work has been have practical, that 
unacg with the subject could obtain sufficient information pre- 

ontents are: History and Stone; Asphalt; Brick-Clays 
Theory Pavements; Cobble ani Stone-Block Pavements; Asphalt Pavements; Brick 
Pavements; Wool Broken-Stone Pavement:: Plans and Specifications; The 
Construction Tracks Pavei Streets; Width Streets and Roadways, 
Curbs, Sidewalks, Asphalt Plants. There index thirty-six pages. 


THE LAW OPERATIONS PRELIMINARY CONSTRUCTION 
ING AND ARCHITECTURE. 


Rights Real Property. Boundaries, Easements, and Franchises. 
For Engineers, Architects, Contractors, Public Officers, and 
Attorneys Law. John Cassan Wait, Am. Soc. Sheep, 
638 pp. New York, John Wiley Sons, 1900. $5.50. 


The author states the preface that this work treats the law attending those 
operations which precede construction. Such operations are those required for the de- 
termination data and information which obtained before project under- 
taken. The Contents are: Part Property. Estates in, and Title to, Real Property. 
Part II, Rights and Privileges incident Ownership Real Property. Protection of, 
and Interference with, Fluids. The Supply and Use Water, Oil, Gas and 
Electricity. Rights Navigable Waters. with Property Rights Sur- 
veyors. Trespass. Part Datermination the Boundaries Land. Surveys and 


Surveying. Easements, Incorporeal Rights. Part Franchises. There 
index fifty pages. 


THE SURVEYING 


Designed for the Use Surveyors and Engineers Generally. But 
Especially for the Use Students Engineering. Johnson, 


Am. Soc. Fifteenth Edition. Cloth, maps, illus. 
New York, John Wiley Sons, 1900. $4.00. 


The headings chapters are: Instruments for Measuring Distances; Instruments 
for Directions: Instruments for Determining Horizontal Lines; Instruments 
for Measuring Angles; The Plane Table; Instruments Used and 
Plotting; Land-Surveying; Topozraphical Surveying the Transit and Stadia; Railroad 
Topographical Surveying; Hydrographic Surveying; Minmg Surveying; City Surveying; 
The Measurement Volumes; Surveying; Projection Maps, Map-Lettermg 
and Topographical Symbols. There index twenty pages. 
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DONATIONS THE LIBRARY. 
From Sept. 1900, 1900. 


Belzner, 

Bissell, 

Boston Pub. Lib. vol. 

vol. 

France—Commission des Annales des Ponts 
Chaussées. vol. 

Inst. Civ. Engrs. vol. 

Iron and Steel Inst. 

Koninklijk Inst. van Ingenieurs. vol. 

McKim, Alex. Rice. 

Pub. Works Dept. vol. 

Manchester Steam Users’ Assoc. 

Master Car Builders’ Assoc. bound vol. 

New South Wales Ry. Commrs. bound 
vol., pam. 


Portugal—Ministerio das Obras Publicas. 


Royal Soc. New South vol. 
Tokyo Imperial Univ. vol. 
U.S. War specif. 
Verein fiir die des Local und 
Strassenbahnwesens. 
Wiley, John Sons. bound vol. 
Unknown Donor. atlas. 
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MEMBERSHIP. 


ADDITIONS. 


MEMBEBS. 


ARENTZ, FREDERICK CHRISTIAN HOLBERG, 


Chf. Eng., The Lafayette Bridge Co., 1214 


Columbia St., Lafayette, Ind 


Firm Ford Beach, 191 Montague St., Brooklyn, 


Burns, Bruce, 


Chf. Eng. Santa Fé, Pacific Southern California 
Ry. Co. (Res., 2642 Vermont Ave., Los Angeles, Cal.).. 
CHARLTON, 
Supt. Mississippi Div., Ry., Washington, 
LELAND, WARREN ALLSTON, 
Asst. Eng. Eng. Corps, 1408 Pickens St., Columbia, 
Civ. Eng. Quartermaster’s Dept. Headquarters 
Dept. California, San Francisco, Cal 
ALEXANDER HAMILTON, 
Asst. Eng. Div. Cuba, Havana, Cuba 


ASSOCIATE 


Eng. for Eastern Expanded Metal Co., Boston, Mass. 
(Res., Mt. Vernon St., Malden, Mass.)....... 
GARNETT, 
Asst. Eng., Dept. Docks (Res., 215 129th St., New 


Asst. Eng., Dept. Docks and Ferries, foot East 39th 


With Allen Hazen, Cons. Eng., New York City, Jun. 
(Res., Monroe Place, Brooklyn, Y.)... Assoc. 


W., 
Eng. Stupp Bros. Bridge and Iron Co., 2301 So. 7th St., 
Care White Co., Broadway, New 
ALVIN, 
228 Broadway, Pueblo, Colo............ 


un. 
Assoc. 


Date 

Membership. 
May 1891 
Oct. 1900 
May 1900 
Sept. 1900 
Oct. 1900 
Oct. 1900 
Jan. 1888 
Oct. 1900 
Sept. 1900 
Oct. 1900 
Oct. 1900 
1897 
Oct. 1900 
Sept. 1900 
Jan. 1894 
Oct. 1900 
Oct. 
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Asst. Eng., Dept. Highways and Street Improvements, Membership. 
Bronx Borough (Res., 726 East 179th St.), New York 
ALBION 
Supervisor Erie R., 303 Spicer St,, Akron, Ohio...... April 1900 
Haas, Jun. Feb. 1894 
320 Sansome St., San Francisco, Cal......... Assoc. Sept. 1900 


WILLIAM 
Care Minas Tecolates Anexas, Santa Barbara, Chi- 
JOHNSON, ALEXANDER, 
Asst. Eng., New East River Bridge, foot Delancey St., 
Harrison WAINWRIGHT, 
Latta and Terry, Engrs. Contrs., 1001 Chestnut St., 


LEWERENZ, ALFRED 

London, Conn........ Assoc. June 1900 


Henry, Jr., 
City Surveyor Elizabeth, City Hall, J.. Oct. 1900 


Bridge Eng., Dept. Bridges, Park Row, Jun. Dec. 1895 
New York Assoc. Sept. 1900 
Supt. Sewers, Sewerage Dept., 139 St. Jun. Jan. 1895 
Philip St., Charleston, Assoc. Sept. 1900 


Harry 
Chf. Eng., St. Francis Levee District Arkansas, 


Southern Express Building, Memphis, Tenn.......... Oct. 1900 

Prince, Dickson, 
Asst. Eng., Dept. Highways, Bronx Bor- Jun. May 1899 


Roy, 
Asst. Eng. Hamilton Bridge Works Co., George St., 


ASSOCIATE. 
Brown, THANE Ross, 


With Wisconsin Bridge Iron Co., North Mil- Mar. 31, 1896 


ALFRED WILLIAM 
Gen. Man. Thorn Cement Co., Buffalo, ........ Oct. 1900 


JUNIORS. 
SHIRLEY, 


Asst. Res. Eng., Southern Pacific Co., Sacra- 
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Date 
BrapsHaw, Sam WIGFALL, Membership. 
Payson, 
Civ. Eng., N., Navy Yard, Brooklyn, Y........ April 1900 
Francis 


Co., Ten Broeck St., Albany, 


CHANGES ADDRESS. 

MEMBERS. 
..1208 Perkiomen Ave., Reading, Pa. 
Bacon, Asst. Eng., Fernandina, Fla. 
Borumer, Max....... Jacobson Bldg., Denver, Colo. 
LINCOLN...... Grand St., Alemeda, Cal. 
GREENE, Cons. Eng., Wall St., New York City. 


Grafton, Va. 


JARVIS, CHARLES Vice-Pres. American Bridge Co., 100 


Broadway, New York City. 

JoHN 869 West End Ave., New York City. 

Seventh Ave., New York City. 

Man. London Office Atlas Co., Ltd., 
Leadenhall St., London, C., Eng- 

FRANELIN.......Marquette, Mich. 

Norton, 


Cuba Co., Santiago Cuba, 
Cuba. 

Cal. 

coran Bldg., Wasbington, 

ALBERT CHAPMAN... Broadway, Room 83, New York City. 

ScHNEIDER, CHARLES CONRAD....... -Vice-Pres. charge 


American Bridge Co., 100 Broadway, 
New York City. 


ALFRED Quebec, Canada. 


Sweet, ELNATHAN ........... State St., Albany, 
Davip Penna. State College, State College, Pa. 
Preston 


532 East Prospect St., Cleveland, 
....Gen. Man., Randfontein Estates Gold 
Mining Co., Ltd., care John Hays 
Hammond, Esq., Threadneedle 
St., London, C., England. 
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ASSOCIATE MEMBERS. 


Care Berlin Iron Bridge Co., Three 
Rivers, Q., Canada. 
404 Seventh St., Logansport, Ind. 
Asst. Examiner Classification Div., 
Patent Office, Washington, 
Albany, 
Ives, ARTHUR STANLEY............... Care Wood Co., 400 Chestnut 
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CANALS BETWEEN THE LAKES AND NEW YORK. 


PRESENTED NovEMBER 7TH, 1900.* 


The reports the New York Canal Commission barge canal 
between Buffalo and Albany, and the United States Commission 
ship canals ft. deep and ft. deep between Buffalo and New York, 
giving estimates cost and other information, enable us, gauging 
the probable benefits derived from them, judge the merits 
each these enterprises. 

There are advocates who sincerely believe that railroad transpor- 
tation cheaper than transportation narrow waterways. Their 
opinion based the undoubted fact the abandonment many 
canals, and State subventions received others which are not 
abandoned but are doing increasing business. 

The notion that the free play economic forces would induce 
private enterprise build canals, railroads are built, they would 
really furnish cheap means transportation, has still great 
ence many minds, and creates least prejudice which must 
sent mail the Secretary. Discussion, either oral written, will published 

The discussion this connection with that Mr. Wisner (see page 989), 


taken November 7th, 1900, and continued the meeting November 2ist, 
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overcome before they are willing vote favor taxes for their 
construction. 

There are also various enthusiasts, anti-monopolists, and other 
enemies railroads, who are favor anything that they believe 
will destroy the monopoly the latter, regardless any careful 
weighing costs and advantages gained. 

One erroneous argument, often used advocates water trans- 
portation, consists direct comparison average freight rates 
the Lakes and ocean with the average freight rates railroads. The 
average freight rate the railroads the United States was 1899 
0.724 cent per ton-mile, while the average freight rate the Lakes and 
Atlantic was until recently about one-tenth much. This comparison, 
however, misleading, since very much larger percentage the 
lake freight consists crude materials than the case with railroad 
freight. the Lakes, ore, grain, coal and lumber form the bulk 
the freight, and would more correct compare the average 
freight rate the Lakes with the average freight rate railroads for 
these articles only. 

The average haul the Lakes and Atlantic very much more 
than railroads; this another reason why ton-mile rates are lower 
water than rail, since the average rail rates include expensive 
short-haul freights well through freights. allowance made 
for these differences found that the freight rate per ton-mile 
the Lakes and Atlantic about and not the ton-mile rate 
charged railroads for similar freight transported over similar 
distances, with favorable grades, which latter are always obtainable 
along water routes. 

obtain the average rates for water transportation necessary 
take number years into consideration, since the variations from 
year year are much larger than railroads. all freight 
rates water were excessively high, from transient causes, but 
certain that they will shortly recede the level the last few years, 


and probably lower, consequence the larger and more economical 


steamers which are now being built. This ratio charges 


however, does not quite represent the ratio cost, since the railroad 
charges include interest and profit capital invested line and 
terminals and the cost their maintenance, while the terminal 
facilities waterways, and the interlake channels with their lighting, 
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are partly provided the public without charge, and therefore, 
the cost incurred ought added the freight rates water 
the proper proportion obtain fair comparison with railroad 
rates. 

The endeavor will made this paper show that the argu- 
ments based past experience with canals are inconclusive, and 
give the real reason why private capital cannot safely undertake the 
construction the canal here considered and count with certainty 
receiving the benefits derived from it. necessary condition 
for the success human intercourse that who confers benefit 
others receive equivalent benefit exchange. Wherever there 
free competition between those providing the different kinds bene- 
fits goods, and between those desiring them, this offers the means 
ascertaining what are equivalent benefits what the relative 
value different goods. 

Where such competition absent extremely difficult, not 
entirely impossible, ascertain what would equivalent benefit 
for service rendered, or, other words, what would fair charge 
for the same. 

account this impossibility ascertaining what fair 
charge for services which consequence their nature exclude com- 
petition, public opinion fluctuating this point. any business 
which monopoly seriously affecting the welfare very large 
number people who can easily co-operate politically, interference 
with the liberty charging what the traffic will bear must always 
feared, and the probable profits can therefore not estimated. All 
those benefits which can rendered very much reduced cost, 
manufactured extremely large scale, limit entirely exclude 
competition. All means transportation belong this class. 
highway will facilitate transportation, and the cost the unit 
benefit rendered falls rapidly with the amount traffic. fair 
toll highway privately owned would such amount 
would give equal return the capital invested its construction 
the return obtained capital invested competitive enterprises 
equal risk, and managed with the same amount skill. 

This needs only stated show the impossibility ascer- 
taining what fair toll when the highway constructed without 
sufficient public control show the amount capital really expended, 
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not speak the difficulty judging the risk and the skill used 
the enterprise. 

many interests are affected the amount the tolls collected 
highways, and the usefulness highway much reduced 
the collection uniform tolls any size, that highways, where they 
have been built private enterprise, have mostly been expropriated 
and the tolls abrogated. 

Private railways are not quite precariously situated either 
highways canals. 

developing country, State regulates the railroad 
charges that they pay fair return the capital invested, 
railroad building improvement facilities stopped, and this 
soon felt such obstacle further growth that public opinion 
becomes more favorable railroads, and permits them profit the 
increase traffic. further evident that competition very largely 
influences many railroad charges; they are therefore not arbitrary, and 
consequence there strong element public opinion advocating 
that they left alone, which succeeds greatly tempering public 
interference. 

felt more and more that the only fair way fix the compensa- 
tion the various factors contributing the creation public 
benefits outside the range competition induce the capitalists 
furnish their contribution, not promising them the net earnings 
which they might get managing the enterprise and charging what 
the traffic will bear, but promising the smallest rate interest for 
which the capital obtainable the open market, and compensating 
the various grades labor wages and salaries the same manner 
the capitalist would have do. The entrepreneur this case 
the public, which then liberty charge for the services rendered 
whatever thought most advantageous for the public welfare. 

private company which would propose build canal between 
the lakes and New York would, the present state public 
opinion, probably unable obtain charter, and should obtain 
one would entirely the mercy the public, respect 
the charges which would permitted, that could not 
raise the necessary capital. 

The proposed project, consider now that recommended 
the United States Commission, canal ft. deep 
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250 ft. wide the bottom, through the Niagara River from Buffalo 
Lasalle, thence eight locks Lewiston, then through Lake 
Ontario Oswego, from there Lake Oneida and through the 
Mohawk Valley the Hudson, waterway that would permit free 
access from all the Lakes the ocean, for vessels 550 ft. long, ft. 
beam and ft. draft; would make them available winter, and 
would thereby reduce cost local transportation the Lakes; 
would connect the harbors serving the most productive regions the 
United States with each other unobstructed waterway, avoid- 
ing transfer freight from lake vessels canal boats, and from these 
ocean steamers. 

There are only three waterways which approach this one the 
nature and magnitude the services rendered—the Suez Canal, the 
Sault Ste. Marie Canal and the waterway between Lakes Huron and 
Erie. While the Suez Canal saves thousands miles distance, 
the two transfers and short railroad haul, which would necessary 
its absence, the three other canals this class save transfers 
each end which, with the attendant charges costs, the delays 
loading and unloading, and the risks damage goods, are eco- 
nomically considered equivalent thousands miles distance. 

Isolated canals suffer from the disadvantage that their cheap trans- 
portation overbalanced the necessity transfers for all the 
freight either coming from going points which they not 
reach. They might called transfer canals, while the four canals 
above grouped together are transit canals. 

The canals Europe, where they are successful, are parts large 
systems, thereby increasing the number points accessible without 
transfer; they stand, therefore, more nearly equal footing with 
railroads this respect. They form intermediate link between 
the isolated canals creating transfers and the canals connecting large 
systems water transportation which save transfers. 

This difference sufficiently important vitiate all inferences 
drawn from the failure canals one class the prospects those 
another. 

The cost running vessel though the proposed ship canal 
between Buffalo and New York mystery. The practicable speed 
known experience with other canals similar dimensions. 
Leaving for later consideration the interest cost canal and its 
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operating expenses, sufficiently accurate say that the cost per 
ton-mile running vessel through the canal larger than that 
the lakes the proportion that the time required pass through the 
canal larger than that for equal distance the Lakes. The 
speed the newer freight steamers the Lakes about twelve miles 
per hour; the speed through the St. Clair flats canal, dimensions 
similar those the canal proposed between the Lakes and the 
Hudson, over eight miles per hour, found actual measure- 
ments the United States Canal Commission. estimate the 
increase cost transportation due this reduction speed 
important separate the total cost transportation into two parts, 
the one due the running the vessel, which increases the dis- 
tance, and the other due the expenses terminals, which depend- 


ent the number trips, and not materially affected 


increase time spent while running. For trips between the Upper 


Lakes and Buffalo not more than two-thirds the expenses vessel 
owners are incurred for running the vessels between terminals. The 
ship canal between Buffaloand New York, proposed the United States 
Canal Commission, has 102 miles canal standard section and 
miles canalized river which the bottom width varies between 250 
and ft. assume for the whole length restricted channel, 
amounting 198 miles, speed miles hour, which can ex- 
ceeded some parts it, the time required for passing through this 
channel would 24.75 hours, the same would required for 
distance 297 miles the open Lakes, increase over actual distance 
miles. The delay caused the lockages would equal 
hours, which would sufficient cover 276 miles the open Lakes. 
The time required for going from Chicago New actual 
distance, via the proposed canal, 1367 miles, would the same 
that required for covering distance miles the open Lakes. 

The average charge the Lakes for low-class freight between 
Chicago and Buffalo was, the years before the recent abnormal rise, 
below cents ton, which 33.3 cents only due the distance 
covered, and 16.7 cents due terminal expenses incurred 
these terminal expenses carrier remain the same, the 
only increase total freight charge New York over that Buffalo 
will due the increased time required going from Chicago 
New York instead Buffalo. The increase 890 miles 1742 
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miles, and the charge for transportation proper would, therefore, 
65.3 cents per ton instead 33.3 cents. add this the charge 
16.7 cents due terminal expenses carrier, obtain cents 
per ton the probable future charge for low-class freight from 
Chicago New York. This the rate 0.60 mill per ton-mile 
for the actual distance 1367 miles. 

This rate nearly identical with the rate per ton-mile between 
Chicago and Buffalo ruling before the recent rise lake freight rates, 
and corresponding cents ton between the latter points. 

This illustrates the great advantage the absence transfers; the 
terminal expenses, being distributed over greater number ton- 
miles, decrease the total rate per ton-mile much increased 
the slower speed the canal. 

Any comparison actual ocean, lake railroad rates between 
points widely varying distances will show, other things being 
equal, that the ton-mile rate decreases with the distance. Between 
San Francisco and Europe the ton-mile rate falls sometimes 0.03 
cent for grain and 0.02 cent for coal returning; while between New 
York and Europe ton-mile rutes twice high prevail. This clearly 
shows that large percentage the freight charge due terminal 

The above rate cents per ton, Chicago New York, the 
charge toward which the actual freight rate might expected 
gravitate, after the profits the business, which would the begin- 
ning probably excessive, should have fallen normal amount. 
The same rate, increased cents per ton for every hundred miles 
distance from New York, might expected rule between Chicago 
and places beyond New York. 

Six days would the time required for the transport through 
freight between Chicago and New York. 

This quick time, and the absence transfers, would have the effect 
that large amount high-class freight could secured, for which 
the present charge is, rail, $15 per ton, according class. 

The freight charge for wheat, Chicago New York, corresponding 
the above rate cents per ton, 2.46 cents per bushel. 
Through the present Erie Canal the charge for wheat, Chicago New 
York, was 1898, 4.82 cents per bushel. The saving would therefore 
2.36 cents per bushel comparison with the cheapest and slowest 
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method transportation now available. Since the freight tonnage 

the New York State canals only about that the railroads 
crossing the State, more reasonable compare the charges for 
freight through the new canal with the lake and rail and with the all- 
rail rates now existing between Chicago and New York. The lowest 
average lake and rail rates for wheat ruled 1898, when they were 
5.4 cents per bushel. The lowest average all-rail rate given 
cents per bushel; cents per bushel has, however, sometimes ruled 
from Chicago the seashore. 

comparison with lake and rail rates, the saving the new canal, 
offering far better service, would 2.94 cents per bushel. 

For wheat going points the Atlantic coast which cannot 
reached present canal boats, Europe, the transfer New York 
could avoided the use ocean steamers loading upper lake 
ports. Not only the transfer charges New York would thereby 
saved, but the costs due the loss time both carriers engaged 
the transfer, and the total saving comparison with present charges 
for transport from upper lake points all points beyond New York and 
immediate vicinity, would over cents per bushel, $1.67 per ton. 

Advocates barge canal between New York and Buffalo lay much 
stress the low cost barges and lake vessels per ton carrying 
capacity comparison with ocean steamers, and assuming that 
ocean steamer lake vessel would have the rate miles 
hour between New York and Buffalo, and would remain long 
terminals canal boat, they figure out advantages for shallow canal 
with the present system transfers. Their assumptions are, however, 
not justified the facts. The disadvantage ocean steamers arising 
from the necessity stronger hull than required for lake steamers, 
and from the use surface condensers has been greatly exaggerated 
comparing the cost fast and durable ocean steamers with that 
much slower and short-lived lake steamers, without making allowance 
for these differences. The difference cost that does exist this 
respect overbalanced the fact that the ocean steamer can run for 
months the year, while the lake steamer limited open 
season months. The interest charge per month running time 

therefore less for ocean steamer than for lake steamer equal 
carrying capacity, equal speed and durability. 
lake steamer can give only transient employment its personnel 
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during season the year when wages are high, while the ocean 
steamer can give permanent employment, and obtains, therefore, 
cheaper service. 

Ocean freight rates are, consequence, rather lower than freight 
rates the lakes. Canal boats costing only per ton carrying 
capacity could not safely beyond the canal. They would obtain 
barge canal speed only miles per hour; the thereby increased 
cost labor per ton-mile, and the delays due transfers freight 
more than balance the advantages gained lower interest charge. 

Should canal the kind proposed the United States Canal 
Commission built, the through freight business between the lake 
points and transatlantic countries would done largely medium- 
sized ocean steamers, while lake steamers and coasting vessels would 
the through business between lake points and the Atlantic coast 
harbors, and barges might used for local business. Even the local 
business done barges could done much cheaper ship canal 
than barge canal, because the practicable speed the former 
would twice that the latter. 

regard the amount business which could expected for 
such canal, need only mentioned that were finished now, 
200 090 000 bushels wheat and its products, and 250 000 000 bushels 
corn, 250 000 tons these two items alone, would probably 
transported through average season. Adding these, other 
grains, ore, coal, lumber, salt, stone, cement and the large amount 
high-class freight which might expected, evident that 000 000 
tons low estimate the probable freight per year shortly after its 
opening. 

The traffic the Sault Ste. Marie Canal has doubled every six 
years during the last twenty-four years; was 25000000 tons 
1899. compare the productivity and population, the tonnage 
visiting the harbors both ends the Sault Ste. Marie Canal, with 
those both ends the canal between the lakes and New York, 
can hardly believe that the latter will have smaller amount freight 
than the former. 

The Detroit River has present estimated traffic over 000- 
000 tons. There can little doubt that the more eastern canal, hav- 
ing the whole lake region one end and the coasts the Atlantic 
the other, would soon reach and exceed this amount. 


| 
q 
| 
K 
| 
§ 


Papers.] MAYER CANALS FROM THE LAKES NEW YORK. 981 


comparison the traffic 500 000 tons the Suez Canal, con- 
necting population 700 the East with one 400 000 000 
the West, with the traffic the interlake waterways, which mainly 
serves the trade population only 000 000, gives striking 
illustration the small amount trade between distant old world 
nations comparison with fraction the internal trade part 
the United States. 

The internal trade the United States more than ten times its 
foreign trade. The internal transportation costs about twenty times 
much that for the foreign trade. This explains why these internal 
waterways secure such enormous traffic comparison with the 
population they serve. far the largest part the traffic through 
canal between Buffalo and New York would traffic between the 
Atlantic coast harbors the United States and the interior the 
country. 

There can therefore doubt that the saving cost trans- 
portation would benefit the United States principally. The only 
benefit Europe would derive from would follow after the higher 
prices for grain the West had stimulated production largely 
increase exports, and reduce European prices consequence, and 
after the decreased prices European products the West had 
increased the demand for them, produce rise prices 
Europe. 

Since the canal cannot finished before six years have elapsed, 
any estimates its traffic based the present business the inter- 
lake channels would have increased least 50%, since this 
increase may reasonably expected their traffic during this time. 
would therefore advisable construction make provision for 
duplicating the locks the near future. 

The capacity per season the canal proposed the United States 
Canal Commission 000 000 tons; its estimated cost, inclusive 
deepening interlake channels ft., $200 000 000. 

Allowing one-eighth the cost for interest during construction, 
and taking interest 3%, the yearly cost would 000, plus 
the cost maintenance, which latter estimated 350 000 per 
year. 

very moderate toll, comparison with the saving cost 
transportation, would cover all expenses incurred the nation. The 
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saving the public freight charges would probably average $1.50 
ton consequence the advantages which uninterrupted and quick 
transportation would offer high-class freight. 

The whole district, not alone along the canal, but the whole lake 
and Atlantic coast the United States, would thereby become 
unequaled its accessibility raw materials and markets. The 
lake basin, having the cheapest steel any shore, would then become 
the principal shipbuilding center the world. 

The rapid increase business the Lakes, well through 
this canal, would undoubtedly create demand for greater depth 
the lake harbors and larger cross-section the interlake channels and 
the canal, and this prospect should kept well view during the 
planning and construction the same. 

might even advisable, considering the improvements lake 
channels and harbors which may expected during the next twenty 
years, build the canal ft. deep, instead selecting dimensions 
which will just sufficient for accommodating the vessels which will 
exist the Lakes the time its completion. This would give, 
from the beginning, the advantage permitting greater speed than 
would possible the smaller canal. The larger locks accom- 
modate the vessels this larger canal would also give larger 
carrying capacity, which will almost certainly needed before 
twenty years its operation have expired. 

sum up: The ship canal between the Lakes and New York 
proposed the United States Commission transit canal connect- 
ing without transfer two large systems important harbors; 
therefore the class canals which have been most successful 
the past. 

connects the two most productive regions the world, and will 
therefore soon have traffic equal the proposed capacity 
000 000 tons year. 

The yearly cost the canal will 100 000, which about 
cents per ton freight which will soon pass through it. 

The saving cost transportation will average about $1.50 per 
ton comparison with the cost equally good service present 
available. Most this saving will accrue the United States, which 
should therefore undertake its construction. 

toll adequate cover all the cost will not materially interfere 
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with its usefulness, and will serve distribute justly the burden 
the expense those who gain its construction. 

There present under way survey for barge canal ft. 
depth, the cost which has been estimated about $59 000 000 
the New York Canal Commission. proposed that the State 
New York shall build for the purpose securing its commercial 
supremacy. The route that the present Erie Canal, with some 
deviations; the estimated capacity 000 000 tons per season. 
hoped that the transfer charges Buffalo and New York will 
largely reduced consequence the building sucha 
estimated that the saving cost transportation through the 
whole length this canal, comparison with the cost through the 
present Erie Canal, will cents per ton, which would, the 
opinion the Commission, amply compensate the State for its 
expenditures for construction and maintenance. 


levy any tolls. 


The difference the cost transportation the present and 
improved canal calculated estimating the cost, expenses 
and carrying capacity per season, new style barge, with which 
there practical experience, and comparing this with the actual 
cost transportation through the present Erie Canal. 

This method evidently subject great many errors, even 
used investigators who are not any way prejudiced favor 
particular result. 

illustration the amount difference between facts and esti- 
mates this kind furnished the estimate made Major Symons, 
Am. E., the New York Canal Commission, page 
report the Chief Engineers the United States Army 1897, 
canal between Buffalo and New York. there gives ten the practi- 
cal number round trips per season between Buffalo and New York for 
United States Canal Commission gives sixteen the practicable 
number round trips per season between Chicago and New York, for 
vessel ft. draft canal ft. deep, the Oswego route. 
This latter estimate based careful observation the actual speed 
similar vessels canal the same dimensions the one pro- 
posed between Buffalo and the Hudson, the observed speed the 
open Lakes, and the actual performances lake vessels. 


This gives 
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days hours for one round trip, which days ure required for 
the forward and return passage between Buffalo and Chicago. This 
leaves days hours the time required, according their 
estimate, for one round trip between Buffalo and New York, and would 
permit twenty-six round trips per season between these points, with 
days spare the average open season. 

The practicable number round trips the most essential element 
all the estimates cost transportation various kinds canals 
between Buffalo and New York, made Major Symons. 

This throws considerable doubt the accuracy his calculations 
the saving cost transportation expected from 
improved barge canal. 

But let assume, for the sake argument, that the estimate 
the New York State Canal Commission, the difference cost 
transportation the present and the improved Erie Canal, correct, 
and let investigate whether the conclusion drawn therefrom, that 
advisable for the State New York execute the improvement, 
justified the premise. 

the public provides, its own cost, new means transporta- 
tion, improvement old one, cheapening cost transport 
certain amount, various freight will transported that would 
not have been transported all the absence the improvement, 
and other freight from other means transport, though 
the advantage thereby secured may very trifling, but just sufficient 
turn the balance its favor. therefore serious error 
estimate the advantage the public achieved improvement 
the Erie Canal, multiplying the difference cost transporta- 
tion per ton the old and new canal with the number tons passing 
through the new canal, and subtracting therefrom the expenses 
incurred the public for construction and maintenance. This 
method only correct for freight which would pass through the Erie 
Canal its present condition. This tonnage the present Erie 
Canal constantly decreasing, consequence the continually 
falling railroad rates. 

The average saving freight, either newly created diverted 
from other transportation lines, will liberally estimated assumed 
0.6 the amount cents, 36.6 cents per ton. 

the taxpayers the State New York are expected provide 
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improvement, reasonable for them ask whether their benefit 
from likely compensate them for the expense. improved 
Erie Canal, lowering the cost transport and the transfer charges, 
would undoubtedly largely increase the amount freight passing 
through it, originating at, and destined for, points outside New York, 
but the saving this part its freight traffic would only slightly 
benefit New Yorkers. 

the freight, either exported from New York State imported 
into the State through the canal, half the saving cost transport 
might expected represent the benefit New Yorkers. The fol- 
lowing method will, therefore, give the balance advantage and 
expense improved barge canal from the standpoint New 
Yorkers. 

Take the whole saving the present amount local freight 
canal originating at, and destined for, points New York State. 
The average distance traversed this freight canal not known, 
but will not underestimated taken three-fourths its 
length. The saving this freight would therefore three-fourths 
cents, or, say, cents per ton. 

Take half the saving cost transportation the present canal 
business originating in, destined for, points New York State. 
estimate the distance traversed this freight canal three- 


fourths its total length, the saving New Yorkers this freight 


would cents per ton. For new business created the improve- 


ment take 0.6 the amounts above given. 


Neglect the through business originating at, and destined for, 
points outside the State. Then compare the sum advantages 


obtained one year with the yearly expenses incurred for mainten- 


auce and interest cost improvement. there isa large surplus 


the right side the State may justified commit the unavoidable 
amount injustice which lies collecting taxes proportion 
assessed value property while the benefits are very unequally dis- 
tributed among the whole population. 

Should the total freight carried the canal equal its 
capacity 000 000 tons, the freight with origin and destination 
outside New York would least 000 000 tons; the remainder, 
not more than 000 000 tons, would partly have both origin and des- 
tination New York, and partly only one them. can only 
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guess the relative amount these two parts; shall therefore 
take them equal. 
these latter two parts about one-eighth would have taken 
the successor the corresponding freight the present Erie Canal. 
The saving for New Yorkers would, therefore, follows: 


625000 tons freight corresponding the 
freight the present Erie Canal, with origin 
and destination New York, cents per ton, 


625 000 tons freight corresponding freight 
present Erie Canal, with either origin des- 
tination outside New York, cents per ton, 


375 000 tons new freight, with origin and des- 
tination New York, 0.6 cents, 27.6 


4375000 tons new freight, having either 
origin destination New York, 0.6 
cents, 13.8 cents per ton, equal to............ 603 750 


The total saving New Yorkers, due the cheap- 
ening transportation the improved Erie 
Canal, the tonnage the same were equal 
its capacity, would therefore be................ 167 500 


have estimated that 000 000 tons would through freight, 
saving two transfers, benefiting reduction cost two trans- 
fers, probably partly the one and partly the other; and 000 000 tons 
would freight benefiting reduction cost, avoidance one 
transfer. Half the benefit from reduction transfer cost these 
000 000 tons would accrue New Yorkers. 

The present cost these transfers cents per ton for two 
transfers; one-half this cost were saved the New Yorkers would 
benefit the extent $437 500. 

add this amount the saving the cost transport, 
obtain 605 000 the possible saving which might obtained for 
New Yorkers through the improved canal, should its business equal 
its capacity. 

Against this stand the interest charges the money spent the 
improvement and the cost maintenance, which latter may esti- 
mated per year. The estimate cost the improve- 
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ment $59 000 000. This does not include interest during construc- 
tion and the first use, when business would much smaller. 
add 12% the estimate cost this account, obtain 
$65 600 000 the actual cost the taxpayer interest this 
968 000. 


The yearly cost would therefore about 468 000, against 
benefit New Yorkers 605 000. 

Should the business the canal only 000 tons, which 
seems the estimate the New York State Canal Commission, the 
total benefit New Yorkers would about 500 000, cost more 
than twice the amount. 

The above does not pretend accurate estimate, that 
impossible; only intended prove that even the difference 
cost transportation the present and improved Erie Canal were 
cents per ton, the improved canal would secure all the freight 
could carry, and would the means reducing transfer charges 
one-half, none which favorable assumptions either proved, 
even probable, the State New York would not justified under- 
taking the improvement its own cost. 

This whole question must looked at, not from the narrow point 
view the State New York and its particular interest, but from 


that the interest the United States. Modern trade regardless 


State boundaries, and impossible benefit the State without 
benefiting the Union, benefit the Union this matter, without 
benefiting New York State. 


the fact that every point along the canal practically harbor, 
can easily made one, the State must always profit, center 
manufactures, any improvement its waterway, more than either 
the shores the Lakes the Atlantic, since only comparatively few 
points along these shores, namely, those with harbors, are put direct 
communication this waterway. 

The main service this waterway does not consist cheapening 
transportation along its course, though this also will accomplished 
more efficiently ship canal than any other, but removing the 
necessity transfers both ends. 


The present transfer charges are only the smaller part the total 


cost incurred account these transfers. Transfer transit means 


all the difference between slow and inefficient service, excluding all 
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except the lowest class freight, and great danger losing even this 
account the rapidly falling rail freight rates, and quick, safe and 
reliable service, through transportation lines, such low cost 
beyond the reach railway competition, either quality 
service price for the same, between all the points which can 
directly reached. 

ship canal between Buffalo and New York means the creation 
one great system water transportation out two half the size; 
means that each harbor each the two systems will have 
average twice many points which can ship directly water 
had before. Its opening will the signal for renewed period 
rapid increase the shipping the Atlantic coast well the lakes. 

toll cents ton for each transfer saved the freight pass- 
ing through this canal would not amount more than one-quarter 
the benefit derived from this saving, the improvement quality 
service made possible thereby properly valued. would cover 
all expenses incurred the nation. 

Since the main reason for the large cross-section canal, and the 
great expense caused thereby, the saving transfers, would 
just charge tolls proportion the number transfers saved. 

The proper course for New York State is, therefore, abandon its 
policy desiring canal all itself, and join hearty co-opera- 
tion with the other interests desiring ship canal. 

refuses so, there serious risk that the various interests 
which are principally concerned having the cheapest possible com- 
munication between the West and Europe, will join forces build 
ship canal from the Lakes Montreal, which could built cost 
quite commensurate with the services rendered thereby; though these 
would not compare with those rendered canal through New York, 

which would also serve the much larger and more important trade 
between the West and the East the United States. 
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THE FOR WATER- 
WAY FROM THE GREAT LAKES 
THE ATLANTIC. 


PRESENTED NOVEMBER 7TH, 1900.* 


The economic depth for canals large traffic was discussed the 
Transactions for June, but the data did not exist that time 
which base comparative estimates cost canals different 
dimensions for the routes under consideration, was impossible 
fix the limiting depth where the fixed charges for maintenance and 
interest the cost construction would make the actual transporta- 
tion rate greater than for lesser depths channel. 

Plans and estimates have been made since then for regulating works 
control the level Lake Erie, and for constructing waterways 
ft. and ft. deep through the connecting channels the Great 
Lakes, and from the Lakes the Atlantic. 

preliminary estimate barge canal ft. deep from Buffalo 
New York has been made, and while the best location and exact cost 

papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 


sent mail Discussion, either oral written, will published 


subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 


The discussion this paper, connection with that Mr. Meyer (see page 972) 
1900 


Transactions, Vol. xxxix, page 278. 


taken November 7th, 1900, and continued the meeting November 
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cannot stated until the surveys now being made under the direction 

the State Engineer are completed, safe say that the estimate 
made the New York State Committee Canals will not changed 
sufficiently materially affect the present discussion. 

previous discussions the proposed waterway from the Lakes 
the seaboard the depth channel has been made the important factor 
and but little consideration given the economy transportation 
rates due the different speeds which may maintained steamers 
waterways different dimensions. 

For instance, Major Symons’ able report Ship Canal from 
the Great Lakes the sea estimated that lake freighters ft. 
and ft. draft would make only four miles per hour waterway 
ft. deep, and that the time required terminal ports would from 
days, about the same the sailing time round trip; 
while barge canal ft. deep, with cross-section 200 sq. ft., 
steam canal boats with three five consorts would able 
make practically the same number round trips per season. 

anyone familiar with the speeds maintained steamships 
the artificial channels our lake waterways, and with the rapidity 
with which cargoes are loaded and discharged terminal ports, 
seems like begging the question draw conclusions from transporta- 
tion rates based such assumptions. 

The St. Clair Flats Canal 200 ft. long, ft. deep mean stage 
Lake St. Clair, and has cross-section about 700 sq. ft. 200 
sq. ft. greater than the cross-section the proposed 21-ft. waterway 
from the Lakes the Atlantic for which plans and estimates have 
recently been made. 

has been found from actual observations that the large freighters 
the Lakes can safely navigate the canal speeds from 
miles per hour without slackening speed when passing other steamers 
the waterway. 

There average current about 1.7 miles per hour the canal, 
which makes navigation much more dangerous than would 
canal with current except that required for the necessary water 
supply, yet serious accident has ever occurred the waterway. 

Lake freighters, capable steaming 12.5 statute miles per hour 
the open lake, make from round trips per season between Duluth 
and Buffalo, average one round trip every ten days, three days 
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which are due time consumed loading, unloading, coaling and 
making repairs terminal ports. 

the detentions the terminals ship canal between the lakes 
and New York should amount ten twelve days per round trip, 
safe say that but little freight would discharged New York 
except that consigned directly the city, condition which would 
unquestionably develop methods handling cargoes such that the 
detentions need but little greater than lake ports. 

The Suez Canal had cross-section 700 sq. ft. previous the 
enlargement now being made, through which the speed for large 
steamers was restricted 6.2 statute miles per hour. 

the Amsterdam Canal, with cross-section sq. ft. the 
speed limited 5.6 miles per hour. 

the Kiel Canal, having cross-section 100 sq. ft., speed 
6.2 miles per hour allowed, but the larger ships only average about 
miles per hour. 

Speeds miles per hour are allowed for large ships the Man- 
chester Canal where the cross-section 400 sq. ft., but, owing the 
sharp curves the canal, tugs are used for towing the larger 
steamers. 

The limit speed for these canals has been fixed with reference 
preventing injury the banks, but not very different from the 
economical speeds which could maintained large steamers 
waterways such dimensions. 

The retardation the speed ship restricted waterway 
due the resistance the sides and bottom channel the move- 
ment the water displaced the steamer, the velocity back 
flow the displaced water, and the back pressure the water piled 
the channel front the moving ship. 

has been found from actual observations the speeds 
steamers the Great Lakes that ship capable averaging 12.5 
miles per hour the deep water the open lakes retarded about 
16%, miles per hour, when steaming with the same boiler pressure 
and only ft. water under the keel. 

When the lake channels are improved allow the passage 
ships ft. ft. draft, the cross-section the St. Clair Flats 
Canal will about six times that loaded freighter, and the mean 
back flow due the movement the ship will about one-fifth 
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the speed the steamer. is, therefore, apparent that where the 
cross-section the waterway less than six times that the passing 
ship the speed will retarded least one-third that which could 
maintained open water. 

The dimensions which should given waterway between the 
lakes and the Atlantic depends upon the economic depth which can 
obtained and maintained the water routes connected. 

The depth channels the entrances lake harbors before 
improvement was only about ft. ft., and across the shallows 
the connecting waterways about ft. ft. 

The project improvement now being carried out contemplates 
channel depths about mean lake stage, but yet only 
about ft. has been secured. The question settled is, what 
the depth which can economically given these channels such that 
ships able safely weather the lake storms may passed all 
times, and that the fixed charges for maintenance and interest 
cost shall not exceed the benefits derived from the reduction 
rates transportation and from developing new industries and com- 
merce? 

During the heavy storms which are frequent occurrence the 
fall the year the Lakes, freighters drawing less than ft. 
when loaded, have not been found well adapted for safe navigation, 
which fixes the minimum limit depth channels about ft. 

For greater depth channels than ft. the advisability im- 
provement will depend upon whether the benefits derived will 
equivalent the fixed charges arising from maintenance and cost 
construction. 

the head Lake Erie, through Lake St. Clair, and the foot 
Lake Huron and Lake Superior there are extensive flats where the 
water only about ft. deep average stage, and the connecting 
channels should made greater depth, nearly miles the route 
through the rivers and lakes would excavated channel. 

The cost the Government deepen the lake channels for depths 
over ft. will about 000 000 per foot, and improve the 
lake harbors and entrances correspondingly will cost about 000 000 
per foot, 000 000 for each additional foot depth har- 
bors and waterways. Assuming that the Government pays for the 
money expended improvements and one-half for maintenance, 
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the annual fixed charges for each additional foot depth would 
approximately $245 000. 

The actual freight carried the Lakes 1899 was not far from 
000 000 tons, and the annual fixed charges arising from making 
and maintaining deeper waterways should chargeable the entire 
amount traffic, the saving transportation rates would have ex- 
ceed six mills per ton for each foot improvement make the accounts 
balance. 

The actual saving the cost transportation the Lakes 
using deeper draft vessels only about one-half the above estimated 
fixed charges, and therefore the improvement would advisable only 
the supposition that the indirect benefits from developing new in- 
dustries and new commerce will greater value country than 
the total decrease the cost transportation. This could hardly 
hold true the decrease rates would permanent, while the effect 
the improvement developing new commerce would likely 
only few years’ duration. 

true that the fixed charges arising from interest the cost 
waterway improvements and from expense for operation and main- 
tenance are paid the Government, but whether paid from Govern- 
ment revenues from toll traffic the net result the same, and 
should considered the comparison transportation rates, espe- 
cially with those railroads where such expenses are paid directly 
from the earnings. 

take into consideration the fact that ships more than 500 ft. 
length cannot safely handled the sharp curves the connecting 
waterways the Lakes, that with draft ft., ships not ex- 
ceeding such length can safely navigate the Lakes all seasons, and 
that for greater depths channels than ft. the interest and main- 
tenance account will exceed any expected returns from lower trans- 
portation rates, there seems legitimate reason why the 
ultimate depth for lake waterways should not definitely settled 
once. 

While true that the small freighters the Lakes must out 
business and make way for the more economical type carrier, 
also true that continual change dimensions waterways renders 
the smaller ships obsolete long before worn out, and since 
the rate which freight can carried depends upon the probable 
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useful life the ships, continual changes the type freight 
carriers will materially increase the cost transportation. 

the freight business the Lakes can conducted economic- 
ally with waterways ft. deep with channels greater depth, the 
waterway from the Lakes the Atlantic should not exceed such depth 
unless can shown that the benefits derived from through 
transportation between the Lakes and foreign ports deep draft ships 
will sufficient importance warrant the larger expenditure re- 
quired construct canal corresponding dimensions. 

Tables Nos. and give the details the length channels 
different dimensions, the amount lockage, and the estimated cost 
waterways ft. and ft. deep from Buffalo New York via the 
Oswego-Mohawk and St. routes, and are 
abstracted from the report Board Engineers Deep Water- 


ways. 
TABLE No. NEw 
CHAMPLAIN 
High level Low level 
plan. plan. 
Fall, regulated stage Lake Erie mean 574.5 574.5 
Down lockage, 705.6 547.2 
Standard canal, miles............... 102.42 102.35 
Canalized river— 
800 to 350 12.37 12.37 38.97 
450 500 8.99 8.99 11.59 


Note: the high level plan for the Oswego-Mohawk Route the water supply 
obtained from reservoirs the Black and Salmon River Valleys, and the low level 
plan Oneida Lake used reservoir, with deep cut for the waterway between 
Oneida Lake and the Mohawk River. 
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TABLE No. Cost WATERWAYS. 


Channel. 21-Ft. Channel. 
Lake Superior Lake Erie........ $33 539 869 


961 818 
Lake Michigan Lake Erie....... 226 548 466 
Lake Erie Lake Ontario......... 435 350 393 203 


Lake Ontario New York— 
Oswego-Mohawk Route (High 
206 253 553 155 324 968 
Oswego-Mohawk Route (Low 
210 309 129 157 003 082 


St. Lawrence-Champlain Route. 213 123 864 141 027 415 
Duluth New York— 


Oswego-Mohawk Route (High 


313 228 772 204 679 989 
Oswego-Mohawk Route (Low 
317 284 348 206 358 103 


St. Lawrence-Champlain Route. 320 099 083 190 382 436 
Chicago New York— 


Oswego-Mohawk (High Level 


295 915 451 199 184 610 
(Low Level 
299 971 027 200 862 724 


St. Lawrence-Champlain Route. 302 785 762 184 887 057 


The Committee Canals New York State, its report the 
Governor New York, estimate that barge canal from Buffalo the 
Hudson River, 351 miles long, ft. deep, with cross-section 1200 
sq. ft. will cost $58 894 668. 

The Canadian government has expended about $65 000 000 upon 
the construction and maintenance the St. Marys, Niagara and St. 
Lawrence canals, about $13 per capita for the entire population 
the country. This amount, however, does not represent the cost 
construct the canal system now completed, nearly the entire 
system the Niagara and St. Lawrence Rivers has been enlarged from 
two three times. The canals are ft. deep, with locks 270 ft. long 
and ft. wide, and were intended develop through transportation 
between the Lakes and Montreal. 


The expectations relative the volume traffic that would 
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developed have not been realized, and extremely improbable that 
the small type steamer which can pass the locks will able com- 
pete with the large lake freight carriers, even when handicapped with 
excessive transfer charges Buffalo. 

will noted that the length standard canal practically the 
same the Mohawk Champlain routes, and that the 208 miles 
greater distance the latter route mostly through the wide channel 
the Lakes and rivers. 

The Champlain route down-grade waterway from the Lakes 
the seaboard, and has 366 ft. less lockage than the Mohawk high level 
route, and for 21-ft. channel will cost $14 300 000 less than the latter. 

fair assume that 21-ft. waterway with area cross- 
section practically the same the St. Clair Flats Canal, the speed 
ships straight reaches will fully great the larger lake 
freighters the St. Clair Canal. Making the necessary reductions for 
slower speed curves and passing ships and for detentions 
locks, found that freighter capable steaming 12.5 miles per 
hour the open lake should make the round trip between Chicago and 
New York days and hours via the Mohawk Route, and 
days and hours via the Champlain route. 

The navigation season the Mohawk route average about 245 
days and for the Champlain route 230 days, and the detention 
New York not more than twice the time required Buffalo, lake 
steamer should make round trips per season between Chicago 
and New York via the Mohawk route and fourteen the Champlain 
route. The average sailing time between Chicago and Buffalo for 
steamers capable running 12.5 miles per hour the open lake 

about hours, and the estimated time for the same type steamers 
between Buffalo and New York based the actual performance 
freighters similar restricted channels the lake waterways 
hours. 

This estimate based 21-ft. waterway having cross-section 
500 sq. ft. area about six midship section ship, 
which ratio will allow safe speeds miles per hour with the 
same consumption fuel required open water. 

the previous discussion* the Ship Canal assumed ft. 
deep, with section 200 ft., and that ships having midship 
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sections sq. ft. would average about miles per hour, not 
including detentions locks and terminals. 

the case the barge canal the proposed cross-section 200 
sq. ft. four times that the barge, ratio which will not admit 
average speeds over miles per hour with ordinary barge fleets. 

From these elements was estimated that steamers the ship canal, 
and barge fleets the barge canal, will only average ten round trips 
per season between Buffalo and New York, whereas with suitable 
dimensions for the waterway and proper dispatch loading and dis- 
charging ships terminals least round trips may made 
between Chicago and New York, about three times the annual 
volume business estimated the 1898 discussion for steamers 
the ship canal from Buffalo New York. 

The expense account lake and ocean freighters much 
greater than that for canal barges that accurate estimate practi- 
cal speed canals and detentions terminals essential mak- 
ing any comparison rates which freight can carried the two 
types waterways. 

the report the Committee Canals New York State, 
estimated that ton freight can transported from Buffalo New 
York barges for cents, but obtaining such result the Com- 
mittee omits from the expense account the items for interest cost 
construction, annual expenses for repairs and maintenance, and 
profit for the shipowner. 

The interest and insurance expenses are based valuation 
$28 500 for fleet one steamer and three barges, yet foot-note 
page the report shown that constructed steel the 
fleet would cost $70 000. 

With the increase the cost lumber which sure occur 
the near future, the cost barges constructed wood will approx- 
imate that steel; but even this should not the case, pro- 
bable that the greater cost towing wooden barges would make the 
steel barge more economical for transportation the values given. 

Atthe Brussels International Congress Navigation 1898, Captain 
Suppan, Chief the Steam Navigation Service the Danube, 
gave the result some experiments towing steel and wooden barges 
similar models the Danube, from which appears that the 
power required for the wooden barges was nearly twice that required 
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for the steel barges, and that the cost for towing per ton-mile for the 
wooden barge was about double that for the steel. 

these results are correct, the wooden barge will not economical, 
even lower value than that given report. 

Correcting the estimate page the Report the Committee 
Canals for omissions and for change values, the expense account 
for barge fleet, with total annual traffic canal 000 000 tons, 
will follows: 


TABLE No. Account 


Fixed charges for maintenance, repairs and interest 
Shore expenses and 000 

Cost transportation per ton between Buffalo and 
Rate lake, Chicago 0.50 
Total rate per ton, Chicago New York....... $1.39 


The rate ton for both the barge and the ship canal (Tables Nos. 
and will vary from these estimates with any variation the volume 
West-bound freight, which has been estimated 
one-third the eastward movement and the same rate per ton, 
would, under normal conditions, command higher rate than the east- 
bound freight, but with the volume westward traffic only sufficient for 
one-third cargoes for the shipsin the service, competition would likely 
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ADAPTED FOR THE TRAFFIC WATERWAY, AND CAPABLE 


Cost ship for lake and canal business only......... $360 000 
Cost ship adapted for ocean and lake business..... 387 000 
Pay-roll and subsistence, per 
Fuel, oil and waste, per day, when running.......... 117 
Fuel, oil and waste, per day, 
Expenses for season 245 days: 
Deterioration, etc., per 000 
Fixed charges for maintenance canal, repairs and 
Shore expenses and 000 
Rate per ton, Chicago New York.................. $1.09 
Rate per bushel, Chicago New York............... 0.033 


force the rate fully low for east-bound traffic. The interest 
the cost the canal during construction would also increase the 
amount fixed charges above those used the estimates and 
correspondingly increase the rate per 
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These variations will have relatively the same effect the rates for 
both the barge and ship canal, and therefore would not materially 
change the comparative value the two types waterways. 

The items from Tables Nos. and for wages, subsistence, fuel 
and miscellaneous expenses, amount between one-fourth and one- 
fifth the respective total expense accounts, showing that the actual 
cost moving ton freight from Chicago New York will less 
than one-fourth the rate necessary transact the business, and 
therefore any material reduction transportation rates can only 
obtained constructing waterways which quick trips can 
made and all unnecessary transfer and terminal charges eliminated. 

The comparative transportation rates given Major Symons’ 
report differ from the present estimate for the reason that the latter 
includes fixed charges for maintenance and interest, and based upon 
speeds the restricted portions the waterway which have been 
demonstrated safe and practical the connecting channels 
the Lakes, and upon dispatch terminal ports similar that now 
obtained Lake harbors. 

The average time port for freighters running between Duluth 
and Buffalo about three days per round trip, but make allowance 
for the different conditions New York Harbor four days per round 
trip have been used the present estimate. 

also assumed that the volume traffic the barge canal 
should amount 000 000 tons annually, aship canal dimensions 
suitable allow the lake tonnage free passage the seaboard would 
develop least 000 000 tons per year. 

The record the transportation rates and volume traffic 
canal and railroads between Buffalo and New York indicate that any 
waterway which does not admit steamers passing direct between 
lake ports and the seaboard not likely prove successful 
competitor the railroads. 

The freight carried the Erie Canal: 
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Since 1880, when the traffic the Erie Canal reached maximum, 
the rate per ton-mile the railroads from the Lakes the seaboard 
has been nearly double that the Erie Canal, yet during that time 
the business the canal has diminished one-half, while that the 
railroad has nearly trebled, showing beyond question that the volume 
freight which will shipped any given route does not depend 
entirely upon the relative transportation rates, and that unless the 
causes which have produced the decline traffic the Erie Canal 
are eliminated the construction new waterways better results 
need expected. 

Two the principal benefits expected from the construction 
waterway between the Lakes and the Atlantic, 
are the development industries lake ports, and 
make possible for individual ship owners business com- 
petition with combinations, neither which could realized from the 
construction 12-ft. barge canal. 

The only possible way which the traffic barge canal requir- 
ing transfer freight Buffalo can increased over that the 
present Erie Canal, will organizing large transportation com- 
panies operate fleets barges connection with freight steamers 
the Lakes, that through bills lading can made from lake 
ports the seaboard. 

Such arrangement would also require the control sufficient 
elevator capacity Buffalo care the surplus grain which 
times would greatly excess the carrying capacity the barges. 

With economical water transportation only possible for organiza- 
tions controlling large amounts capital, means im- 
probable that the canal and railroad companies would combine 
maintain rates, and thereby destroy about the only 
expected from canal such dimensions. 

waterway having dimensions correspond with the depth 
the water routes connected, individual ship owners would have equal 
opportunities with the large organizations and practically make the 
control freight rates impossible. 

Such waterway would also make possible increase largely 
the steel and shipbuilding industries the country, and probably 


great assistance restoring the Merchant Marine the United 
States foreign trade. 
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interest note that the distance from Buffalo New York 
railroad 440 miles, Barge Canal 496 miles, and ship canal 
via Lake Ontario and the Mohawk River 477 miles, making the 
barge route miles longer than the ship canal, with about three 
times greater amount canal section through which boats will have 
move minimum speed. 

Referring the estimated cost and 30-ft. waterways from the 
Lakes the seaboard will noted that the latter will cost about 
$100 000 000 more than the former, not including the cost improv- 
ing terminal harbors. The difference expense for operation, main- 
tenance and repairs will about $550 000 per year, making the fixed 
charges for 30-ft. waterway, including the improvement and main- 
tenance lake harbors, nearly 000 000 greater than for one 21- 
depth. 

has been shown that taking the cost improvements into con- 
sideration the commerce the Lakes can transported more econom- 
ically with channels 21-ft.-depth than with deeper ones, and 
therefore whatever advantages are derived from 30-ft. water- 
way from the Lakes the Atlantic must come from developing new 
industries and commerce direct trade between the Lakes and foreign 
ports. 

With traffic 000 000 tons annually such waterway 
not probable that more than 000 000 tons would foreign com- 
merce, and carried deep-draft vessels the 000 000 tons for 
domestic consumption would have discharged New York for 
use the city, for reshipping other ports the Atlantic Coast. 
This would necessitate two-thirds the ships trading direct between 
the lake ports and New York, sailing for Europe with light loads. 

With 21-ft. waterway the ships adapted the service could dis- 
charge domestic commerce New York any other port the 
coast which consigned, but would probably transfer all foreign 
freight ocean steamers New York, except the last trips before 
the close lake navigation, when might found advantageous 
load for through passage Europe. 

Taking into consideration the annual expenses for interest and 
the two waterways, the cost transportation for 
domestic traffic will cents per ton greater for 30-ft. waterway 
than for one 21-ft. deep, from which would appear that any benefits 
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derived from canals greater depths than necessary for econom- 
ical transportation the Lakes must result from direct foreign trade 
between the lake ports and Europe. 

the difference the annual fixed charges for the two depths 
waterway between Buffalo and New York charged the probable 
volume foreign traffic, the transportation rate will about cents 
per ton greater with 30-ft. waterway than with 21-ft. canal. 

The amount transfers New York for the combined domestic 
and foreign traffic would fully great when transported deep- 
draft ships when carried steamers adapted for safe navigation 
the lake waterways, and therefore the benefits expected for the 
deeper waterway must wholly indirect nature. 

Since the interests the steel and ship-building industries would 
equally well subserved either waterway, difficult conceive 
conditions which would warrant the large expenditure necessary 
construct waterway greater dimension than required for safe and 
economical navigation the Lakes. 

Almost any transportation rate may deduced for the routes 
different depths, varying the assumed speed the restricted chan- 
nels and the time lost detentions terminal ports. If, however, 
the dimensions channels such allow economical speeds for 
the type vessel adapted their use, there need trouble 
establishing these elements the problem within reasonable limits, 
the average speed which canal barges can towed pretty well 
known, and the safe speeds steam ships the restricted waterways 
the Great Lakes and the Ship Canals Europe furnish data 
from which the ratio cross-section channel that ship may 
determined, which will give minimum rate transportation. 


waterway from the Great Lakes the Atlantic produce the 
best results should have dimensions which will permit the passage, 
economical speeds, ships best adapted for the traffic the water 
routes connected. 

Safe navigation the Great Lakes requires minimum depth 
for the connecting channels least ft. and for depths over 
ft. the interest the cost construction will exceed the decrease 
transportation rates due the use deeper draft freight carriers. 
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With any waterway requiring the transfer freight Buffalo, 
independent canal boats cannot compete with existing lake and railroad 
lines, and unless the waterway operated rich transportation com- 
panies controlling lines lake steamers and canal barges, the business 
developed will probably not exceed that the present Erie Canal. 

The decline traffic the Erie Canal since 1880, and the 
failure the 14-ft. Canadian canals divert commerce from the lake 
and railroad lines, indicate that waterway less depth than required 
for the passage the best type lake freighters can not materially 
modify the transportation rates over existing routes. 

The indirect benefits commerce derived from 21-ft. 


waterway will nearly great can expected with greater depth 
channel. 
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HEIGHT BUILDINGS. 


informal Discussion the Annual Convention, July 2d, 1900.* 


FoR 
(1) What Considerations Should Limit the Height Buildings?” 


(2) Recent Developments Construction, Sanitation, Inter- 


communication and Economy Administration, warrant 
the Removal all Restrictions?” 


Inst. E.—The views lower New York were Mr. Riley. 
hardly recognized the speaker, whom that part the city 
was quite familiar twelve years ago. The geographical situation had 
always appeared him great difficulty; the narrow tongue 
land between the broad East and Hudson Rivers, with the Harlem 
River the north, completely hampers extension. The inventive 
mind the American was driven some expedient, and the evolution 
the high buildings was the result. The speaker desired, however, 
not comment too much American practice, but describe Euro- 
pean procedure. 

This question had been approached from different standpoints. 
the American tall building apprehended that the columns are 


*The discussion this subject, for which formal paper was presented, con- 
tinued from the August number Proceedings order that the views expressed may 
brought before all members the Society for further discussion. 


Architect the London County Council. 
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the only portions the structure which are carried the foundations; 
they provide for the great resultant force the building carrying 
each story independently the one above belowit. the Building 
Acts operation London, Paris, Berlin and Vienna, laid down 
that the enclosing shall carry the structure, and, the London 
Act 1894, enclosing external walls are the full thickness 
specified the various schedules for least half their area. 

The heights are also strictly limited each the cities named. 
London, building (not being church chapel) must not 
erected subsequently increased greater height than ft. 
(exclusive two stories the roof and ornamental towers, turrets, 
other architectural features decorations), and, street laid out 
after August 7th, 1862, less width than ft., new building shall 
erected that the height shall exceed the distance the external 
wall from the opposite side the street, without the consent the 
London County Council. the new street over width, the 
height may carried ft., the building were old street; 
but the street is, say, ft. wide, the buildings upon cannot exceed 
that height. The license allowed after ft. width street has been 
obtained may appear little anomalous, but there very important 
further limit height providing for space rear, and governing 
angle. 

The whole the plot abutting new street, since 1894, must. 
have space not less than ft. unbuilt upon, the extreme 
boundary line (or 63.5°) must drawn, and projections 
above that line must erected except turrets, dormers and chimney 
stacks, and they must aggregate limited portions the width the 
back frontage. 

Some the high buildings New York must have very great 
cubical contents, but, under the London Building Act, the capacity 
limited, e., buildings for trade purposes larger cubical extent 
than 250 000 cu. ft. and not exceeding cu. ft. must not 
beyond ft. height. That, again, very notable restriction. 
The greater cubical contents can only considered the ground 
that particular trade renders absolutely necessary for the opera- 
tions that trade. 

Houses for the working classes cannot erected height 
exceeding the distance the front, nearest external wall 
building, from the opposite side any street, unless the working- 
class dwelling ft. from the center the street. Vienna, 
the height dwelling houses the top the cornice must generally 
not exceed ft., and the floor the highest story must not more 
than ft. Paris, the heights buildings are determined the 
width the street upon which they abut, the height being measured 
from the pavement perpendicularly the face the wall, including 
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all construction and ornamentation, and must not exceed ft. for Mr. Riley. 
public ways less than ft. wide; ft. for public ways ft. 
wide; ft. for public ways 32} ft. wide, and maximum 66- 
ft. height for public ways and over. building must exceed 
seven stories above the ground floor. 

During congress the Paris Exhibition which the speaker 
attended noted that one the Continental speakers drew some 
very forcible illustrations the height permitted for buildings 
London, but the horror with which spoke buildings stories 
height, which are permitted New York City, was quite inde- 
scribable. These are very decided comments the proposition 

before us, viz.: considerations should limit the height 
buildings These are the European views, which, rule, are 
7 


not hampered the geographical conditions which obtain lower 
New York City, but the implied criticisms are clear where expansion 
more practicable, other American cities. The conditions 
London are such that very undesirable permit greater height 
than ft. The width the old streets small, there are compara- 
tively few buildings built incombustible materials, and the difficulty 
attacking and controlling fire narrow street with limited 
head water needs demonstration. 

The limited sunshine London should regarded factor 


considering the heights buildings relation its open spaces. 
Moreover, neighboring properties, which surely have vested interests 
the light and air, should duly considered. Lastly, the monu- 
mental character some the buildings European cities, together 
with their association with the past history their respective coun- 
tries, would suffer more deplorably than they even there were 
less consideration for the limitation height. appears clear, there- 
fore, that would little short revolution European cities 
allow much further latitude this respect. 
The newest Building Code New York City, which came into 
operation October last, interesting document. its provis- 
ions noticed that any hotel, lodging house, school, theater, jail, 
police station, hospital, asylum, institution for the care treatment 
persons, which exceeds ft. height, shall built fire-proof, 
and every other building which exceeds ft. shall similarly con- 
structed. 
recent book* fire-proof construction there are recorded 
some very interesting experiences ‘on the behavior high buildings 
cases fire. are given the Home Life Building, 
which the speaker did not remember have seen, was probably 
erected since his last visit New York. 192 ft. high, and was 
intended fire-proof, all such high structures should be. 
How Build Francis Moore, New York, 1899. 
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building stories adjoining took fire and burnt out every floor 
the Home Life Building above its own height. The disaster ap- 
pears have resulted through shallow court ft. wide, used for 
lighting the higher building, drawing the flames and communi- 
cating them from one window another the progress the fire 
the higher building. The court acted like purposely constructed 
chimney its destructive effect, though how reputed fire-proof 
building burnt freely and fiercely not apparent. 

court this character could not built new building 
London. The limit height the parapet above the sill any such 
window, used for habitable room, twice the root area the 
court, and, case room used office, would limited 
the general height permissible under the act, but case exceeding 
ft. 

The destruction the Windsor Hotel made great impression 
this country. was substantially built, and was stated some 
papers have been fire-resisting, though that statement inaccurate, 
was elicited that the floors were open wood joists; some the 
partitions were formed with and the internal finishings 
were wainscoting. Such building would hardly classed fire- 
resisting here; any rate, burnt with such furious rapidity that 
was practically gutted within hour There doubt 
that every such building should uninflammable modern 
science can make it. The responsibility dealing with life and prop- 
erty such structure burden public official should called 
upon undertake. spite the most heroic efforts, and expert 
corps fearless and brave men, many lives were lost and the prop- 
erty totally destroyed. the case the Home Life Building the 
water pressure was 108 ft., but that failed save the building 
that height. 

The means escape case fire are constantly engaging atten- 
tion London, and, the present time, further powers regard 
the provisions the Factory Act are now being sought from Parlia- 
ment. 

With the foregoing examples record would bold man 
who would recommend any serious increase the height buildings 
London. 

The next question for discussion is, ‘‘Do recent developments 
construction, sanitation, intercommunication and economy admin- 
istration warrant the removal all restrictions?” 

Modern construction has materially improved the conditions and 
lessened the risks escape case fire, but construction has little 
beneficial effect upon provisions which deal with width streets, 
proximity other buildings, and the open spaces about buildings. 
needs little demonstration show that restrictions height 
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buildings secure the essentials light and air which are required for Mr. Riley. 


proper intercommunication and economy administra- 
tion. There doubt that the ingenuity American engineers 
has made the tall building work with facility which could hardly 
have been thought practicable years back. The Produce Ex- 
change remembered the highest building New York fifteen 
years ago, and London would still considered very tall build- 
ing, although now overshadowed. Expansion London inevi- 
table, and efforts must made improve the communication with 
outlying areas. The solution appears looked for building 
the suburbs where the inhabitants can enjoy fresh air, and simultane- 
ously provide rapid and reliable means transport the central 
points. There apparent demand for increasing the height 
buildings, and none for the removal all restrictions; here would 
calamity adopt any such legislation. 

difficult approach these questions comparison without 
being dogmatic, especially when convictions are strong, but the few 
remarks submitted will, hoped, accepted another spirit. 
The subject one great interest, and the developments have been 
carefully watched. Many experts New York City are bitterly op- 
posed high buildings, and they freely condemn the result recent 
years’ work hideous disfigurement the city. These views find 
many supporters here, but perhaps better acquaintance with the 
conditions which made the problem might soften the criticisms. 

American engineers and architects are hampered insurmount- 
able traditions. city railway was necessity was not put 
answers its purpose very well. When luxurious ship was wanted 
for the Fall River traffic, the Pilgrim (probably out date this 
time) was evolved. Her beam engines and other features appeared 
antiquated twelve years ago, but closer acquaintance with the con- 
ditions revealed that the type adopted had much recommend 
it. The systematic method American thinkers has been first 
grasp the difficulties overcome, and then attempt solve the 
problem the most practical and common-sense way, unbiased 
prejudices. Ifthe tall building not all that can desired, 
another effort solve difficulty, and experience gained may 
ultimately lead some satisfactory result, but not suitable 
form structure for this part the world. 


Oscar high buildings six and seven stories 


the speaker used corrugated steel doors with asbestos sheeting either 

side, cut off entirely one room from another, the grooves 

corrugations being filled with ground clinker give solidity the 

doors. Bolts rivets keep the faces the doors compactly posi- 
Engineer and Surveyor the Batley Corporation. 
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tion, the bolts being arranged, where necessary, that they can 
covered over with moulded asbestos give the faces the doors the 
appearance wrought woodwork. 

These doors, unlike the composite fire-proof tin-covered wooden 
doors, not warp fire and break loose from the hinges 
fastenings. 

Parsons, Am. Soc. E.—Designing tall building 
much more difficult problem than one would ordinarily conceive. 
cage” and construction are three terms 
frequently used connection with these buildings, which would 
well define. ‘‘skeleton” construction meant that the out- 
side walls the building are self-sustaining, that is, they are carried 
from the foundations permanent walls. The interior the 
building supported upon skeleton construction steel iron. 
‘‘cage” construction meant that the building supported 
toto the metal framework. The outside walls are mere curtain 
walls, and are supported themselves the metal construction. 
Good examples this construction have been shown Mr. Purdy. 
The word used generic sense. impossible 
conceive any building which intended inhabited and 
contain the conveniences which the man to-day demands, that could 
ure taken from the twentieth story the American Surety Building, 
No. 100 Broadway, New York City, looking south, and gives good 
impression the height which these Wall Street, 
although only about 150 ft. distant from the building, lost the 
foreground. The Empire Building, No. Broadway, which has been 
mentioned this discussion, can seen the right the picture. 
The low building shown the left that the Union Trust Com- 
pany. and was once considered tall, but now very much over- 
shadowed the next building beyond, namely, the Manhattan Life. 
The Bowling Green Building seen the distance and the Bay 
beyond. down into the street below, one cannot refrain from 
imagining the difficulties which are encountered the protection 
these tall structures against the ravages fire. all the elements 
which are tending destroy these buildings, probably there none 
potent fire. will interesting show few examples, pick- 
ing out the worst cases rather than the best, order bring out the 
subject the strongest light. the first place, these buildings 
should only constructed the most fire-proof manner. would 
not good practice build them according the ordinary methods 
construction, such methods were mentioned connection with 
the Windsor Hotel. Fig. Plate XXXVIII, represents the Windsor 
Hotel, New York City, which was destroyed fire March 17th, 
1899. The hotel, which this picture only shows part the front, 
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was 200 ft. length and was built the form shallow the Mr. Parsons. 


wings which were 180 ft. depth. the rear the hotel there 
was court. The weakness the building resist fire was the 
design and the method construction. thecenter the building 
and the roof was located large water tank. Through some error 
the design, through some change plan, said that part 
the building was supported from the roof tie rods, the tie rods 
being carried girders. The fire originated the basement and 
spread with fearful rapidity throughout the building. was known 
New York dangerous building, owing the wide corridors 
which ran from end end every floor, without any fire division 
walls whatever. This picture shows the building few moments after 
the arrival the engines. The fire was the corridors behind the 
front rooms. 

few moments afterward, probably not more than two three 
minutes, the photograph, Fig. Plate XXXVIII, was taken. 
tongue flame had burned away the and the building began 
tumble central vertical section. The break occurred quickly 
that the firemen had hardly time get out the way. 

Almost immediately after the last picture, the conditions were 
represented Fig. Plate XXXVIII. The tank had dropped from 
the top tothe bottom, and that condition affairs existed minutes 
after the fire-alarm was given. Within few moments afterward fire 
burst from almost every window simultaneously. Fig. Plate 
represents the condition about minutes after the alarm 
was sounded, and was taken previous the fall the wall. was 
only minutes after the south wall fell, that the north wall gave 
way and the hotel was completely ruined. 

Many imagine that buildings constructed iron, steel, cement, 
glass, slate, and tiles are fire-proof and indestructible, but such not 
the case. the Washburn Moen Company’s Quinsigamon Mill, 
which was built the ‘‘cage” construction plan, the walls were 
merely curtain walls. The window frames and sashes were all iron 
and steel, and the only wood used was the floors and roof. The 
floors were built the slow-burning principle. The structure was not 
overloaded the time. was building used for the manufacture 
steel springs, which are not themselves combustible, and the 
reason the fire spread rapidly was probably due the fact that 
one part the building there was oil-tempering room, and the 
vapors from the oil baths had condensed the under side the 
floors.* The columns yielded within from minutes after the 
fire started. which were made the Committee 
Fire-Proofing Tests agreed very closely with the facts recorded this 


Part the ruins this building are shown Plate Transactions, Am. Soc. 
E., Vol. xxxix, June, 1898. 
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fire. The plate which reference made illustrates very completely 
the destruction; and, when viewed from the standpoint insurance, 
can not said with truth that iron and steel buildings will burn? 
Certainly, the destruction was complete. 


The danger from fire all large, tall buildings greater from the 


hazard without than from any risk within. fire, starting within 
building which fire-proof construction, can localized and put 
under control. But many buildings are subjected external hazard 
which very great, owing the large window areas and the fact that 
there are windows every floor, that the fire may attack the build- 
ing all floors once. Fig. Plate XXXVII, shows the destruc- 
tion the Manhattan Savings Institution, New York City, during the 
winter 1895 and 1896. was that time modern building, and 
was well constructed far the materials were concerned. build- 
ing the opposite side the street caught fire; and the heat broke 
the glass the windows, and was sufficient warm the under-side 
the girders which were exposed. They yielded; some, expanding, 
pushed out the walls, dropping the floor beams, and the building was 
total wreck. Nothing was saved except some the structure the 
first ground floor, and none the fittings were condition 
used again. 

May 1897, there was Pittsburg, Pa., which originated 
old building containing great mass combustible material. 
Owing the wind, spread rapidly number small buildings 
similar construction, and attacked three modern buildings the 
fire-proof kind. Reference may made the Corydon 
Purdy, Am. Soc. E., describing this fire. Fig. Plate 
that paper, shows part the first floor the Joseph Horne Dry Goods 
Store. was modern building, well constructed and well built, but 
its construction there was many points total disregard any 
fire hazard. The fire-proofing material stood well, and fault could 
found with it. The débris the corner was caused faulty de- 
sign. the roof there was 000-gall. water tank, which was sup- 
ported unprotected iron girders and beams. Iron and steel, 
shown the Washburn Mill, will not stand unless protected. The 
result was that the tank fell from the roof the basement. The 
damage done the structure the falling pieces was probably 
greater than the damage done the fire. The well, which extended 
through the building give certain architectural effects and let 
light the lower floor, proved very hazardous. The fire was 
drawn the current air carried the other floors though 
the well were flue. 

Another view the same floor the same building shown 
Fig. Plate IV, Mr. Purdy’s paper, and illustrates better 


Transactions, Am. Soc. E., Vol. xxxix, 121. 
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manner the effect the fire-proofing. All ornamentation gone, but Mr. Parsons. 
the fire-proof blocks were well preserved. Again referring Mr. 
Purdy’s paper, Fig. Plate III, and Figs. and Plate show the 
exterior the buildings after the fire. The damage the Horne 
Office Building was very much less than the Dry Goods Building, 
and was due better arrangement fire-proof partitions. The lo- 
cation seems unfortunate, the Dry Goods Store was rebuilt 
and has been burned second time. 

Mr. Riley has mentioned the Home Life Building, New 
York City, having been attacked fire. Fig. Plate XXXIX, 
shows this building before the fire. stories high, 192 ft. the 
roof, and 242 ft. the top the tower. The low building the 
right was ordinary construction, occupied clothing house, and 


caught fire. The tall building next the Home Life Building the 
Postal Telegraph Building. The wind was blowing hurricane force, 
unfortunately, from the northeast, that blew against the side 
the Home Life Building, which contained court light well. The 
flames were drawn into the well, which acted chimney, and, all 
the windows were unprotected shutters, the fire entered simultane- 
ously every floor the building above the 9th. 
Fig. Plate shows the building after the fire, and also the 
well court just referred to. course, the small corner building 
was completely ruined. The destruction the fagade was complete 


from the 9th floor upward. Below that level, the building was practi- 
cally intact and was used again the tenants within very short time 


after the fire. The contents the 7th and 8th floors were badly 

damaged water. The elevators and the staircase were located next 

the light well, that the flames entering the building had free 

access every floor. 

Fig. Plate XL, typical any room the Home Life Building, 
above the 9th floor, after the fire. The fire-proofing stood the test and 
was found such good condition, that most was used over 

again without any expense. The partition walls had large transom 
windows which were unprotected, and were fitted with ordinary glass 
set wooden sashes. When the fire entered room, simply broke 
the glass and passed the next. Had these partitions been 
fire-stop character, damage would probably have been confined 
the rooms next the building which originally caught fire. 

Fig. Plate XL, shows wire-lathe and plaster partition which 
had been built the wooden floor. The floor was laid wooden 
sleepers, leaving air space the fire-proof arches and the 
wooden flooring. building had been constructed, was origi- 
nally intended, and all such buildings should be, filling this air 
space with ashes concrete, and resting all partitions directly 
the arches, the probabilities are that the fire would not have damaged 
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Mr. Parsons. the partitions. was, when the wooden floor had been burned 
away, the partitions had support and simply dropped. 
The greatest damage the steel frame-work shown Fig. 
Plate XL, which represents view the front room the 16th floor. 
The large girder had its lower chord well protected, but the upper 
chord projected above the level. This girder was covered with 
flooring, raised sort step toward the front wall. The wooden 
floor soon burned away, leaving the upper chord entirely exposed. 
became red hot and buckled, shown. The photograph does not 
illustrate very well the damage the fagade and window trim, owing 
the strong light. The missing fire-proofing blocks were removed 
from the column after the fire for the purpose inspection, and this 
column, well all the others, was found good condition. 
The blocks seen the floor were knocked off the firemen and 
the City Building Department, and were not displaced the fire 
itself. The heat this room was very great, and, can seen, 
plaster remained the walls. 
The marble front the building, from the 9th story upward, was 
taken down and rebuilt. The Postal Telegraph Building was injured 
the upper story fire and only damaged water the floors 
below. 

fire-stop, these tall buildings certainly acted marvelously 
well. would frightful contemplate what might have happened 
during that gale wind had these buildings not been there; but, 
course, tall buildings are not intended fire-stops. 

case fire, any door window opening dangerous. The way 
stop fire from spreading confine the place where orig- 
inated. circumstances necessitate large floor area, then make such 
area fire-proof floor and ceiling, cutting off all communication with 
the rest the building. possible, put the staircase tower-like 
structure the outside, and give access each floor bridge. 
Make all communication from one floor another pass across the 
bridge, down the stairs, and back over another bridge the next 
floor. best subdivide large areas fire-walls fire-proof 
partitions and have few openings possible. impossibility 
not have doors and windows tall buildings, but such openings 
create hazard. When the divisional walls are cut numerous places, 
hard conceive fire-proof building which could not 
injured fire. The danger from without usually far greater than 
that from within. 

the United States, many prefer the construc- 
tion, and wooden building made this principle will outlast 

ordinary steel building, unless the steel building put the 
approved manner with the members covered with the best fire-proof- 
ing, but this construction not suitable for very high buildings. The 
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method simply consists using large pieces timber Mr. Parsons. 
for posts and girders, that the fire can char depth 

more without impairing the strength necessary support the loads, 

and constructing the building leave air spaces. takes 

long time for fire char large stick that depth, and that time 

the fire department can come the rescue. 

The lower floors the Home Life Building were uninjured, 
because they were protected the brick wall the adjacent building 
which first caught fire. There nothing ordinary brick 
and cement wall, and such wall protected the Home Life Building. 
The flames had pass over its top, and then had upward tendency 
from the draught the well and elevator shaft, and the first windows 
which really got the attack fire were the level the 9th floor. 
The 9th floor practically marks the limit protection from the Fire 
Department the street. 

Tall buildings are now constructed with stand-pipes, which are 
large pipes ins. diameter, extending from the street level 
the roof. each floor there are arrangements whereby the fire hose 
the building can connected the stand-pipe, and the City Fire 
Department engines connect with the bottom the stand-pipe. The 
engines pump water into the stand-pipe and the firemen use the hose 
which each floor. that way they save much valuable time 
they not have carry their own hose great heights. some 
tall buildings the elevators lifts are commission night and day 
for the purpose fire protection, and case alarm the elevator 
immediately sent the lower floor ready carry the hose the 
firemen the proper point. 

The fire-door which has generally been found the most serviceable 
the United States that known the Underwriter’s door. 
simply wooden door sheathed The door often strength- 
ened being made double plank laid diagonally. The coating 
ordinary tin well lapped. These doors will stand enormous 
amount heat before they fail. They are carried traveler over- 
head. The traveller incline, and during working hours the 
doors are keld back cord, wire chain, which there 
fusible link. The link operates the same the sprinkler; certain 
temperature, which quite low, melts, and the door closes auto- 
matically. Many forms patented fire doors have been used, but 
none with such universal success the Underwriter’s door. 

Reap, Assoc. Inst. E..—Some wonderful Mr. Read. 
examples the disastrous effects fire ironwork have been shown 
this meeting, and attention specially called the efficient pro- 
tection which the fireproofing afforded. The speaker would glad 


know what material the fire-proofing was made of, whether was 
the nature plaster, terra-cotta brick. 
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thought the views showed very clear and impressive man- 
ner the effects fire these high buildings. 

With regard the case where the fire originated the eighth story 
and spread upward through the elevator shaft, would like ask 
how the people who were above escaped, and if, tall building con- 
struction generally, there was any other method provided for escape 
than the elevators. 

certain high buildings London which had been 
engaged, provision for escape was made outside balconies and 
staircases, outside galleries connecting one building with the 
next, escape ladders the neighboring roofs, but these would 
scarcely apply the very high American buildings. 

Joun President, Am. Soc. E.—The cost high build- 
ings Chicago has varied from about cents per cubic foot, 
and the rental for office room above the ground floor has varied from 
$2.50 per square foot per annum. course, this cost con- 
struction and rental received varies largely between buildings differ- 
ently located. The rental generally includes janitor’s service, elevator 
service, and sometimes heat and sometimes light. These figures may 
have been modified the last two three years. 

High buildings had, not their origin, but their highest development 
Chicago, and they were not constructed order get something 
larger than existed anywhere else the country, people might 
have idea, but from the circumstance that the business portion 
Chicago confined very small area. The Chicago River comes 
from Lake Michigan for short distance and then branches north- 
westerly and southwesterly direction, forming the district 
south the river, and between the river and the lake, what known 
the south side, the principal business Chicago carried on. The 
railway stations all have their termini within comparatively small 
area, and the wholesale well all the retail houses are located 
this district. The price land per square foot, therefore, became very 
high account the congested business, and was impossible for 
land owners obtain for low buildings rental which gave reason- 
able return. order overcome this, and order receive ade- 

quate return upon the assessed and market value the land, they 
were forced construct high buildings. New York and cther large 
cities the same character has not been question architectural 
beauty, question sanitation, but simply business and com- 
mercial necessity. Therefore may interesting our English 
brethren have some idea what those buildings cost and what 
rental they return. This would seem the key-note the whole 
question. 

order that our English brethren may understand the situation 
America may desirable say that all American engineers not 
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favor the continuation the construction high buildings, even Mr. Wallace. 
large cities, and are very much divided opinion that subject. 
Answering Mr. Gifford Read’s questions: the first case this 
fire-proofing generally terra-cotta work. the cage construction, 
between the floor beams the floor constructed series terra- 
cotta blocks which are made with inclined joints and formed that 
they make flat arch. order make the blocks light they are made 
hollow; hollow tiling terra-cotta work also built around and envel- 
ops the columns, and some cases joined cement keyed 
around later constructions the fire-proofing very 
carefully put around all the iron and the steel columns. Steel 
beams are not now looked upon fire-proof material. They simply 
furnish the ribs the skeleton, might called, which the fire- 
proof construction placed. earlier date concrete was used for 
these floors, and thin strips wood were placed and the wooden 
floors nailed these strips. the later construction the floors are 
made concrete the top this fire-proof terra-cotta work, and 
then small stones are put down mosaic work and are then smoothed 
over. This makes the fire-proof floor, that now, great many 
buildings, there wood except simply the doors and the window 
cases. 
With reference fire-escapes, all American cities where high 
buildings are used, certain number fire escapes are now obligatory 
city ordinances, and they are required constructed the out- 
side the buildings, generally connection with balconies and 
the ends the halls, and the number placed proportion the 
size the building. They are inspected periodically the city 
authorities. The fire-proofing buildings has received late years 
serious consideration. When these buildings were first constructed 
was supposed that the iron and steel work was fire-proof and would 
not yield readily the heat. The character the occupancy 
the buildings has great deal with them. They are well 
adapted office buildings the congested portions the city, 
but they are not adapted retail business dry good stores, 
any business where the contents are highly inflammable, except where 
they are constructed with fire walls and fire partitions and with isol- 
ated rooms. Pittsburg, Pa., hotel recent fire-proof construc- 
tion fire occurred suite rooms, and two rooms with their furni- 
ture were entirely destroyed and burnt out. The occupant the 
adjoining room did not know there was fire until informed 
the next morning. That was due the careful design the building 
reference fire walls, terra-cotta work and the use cement, 


concrete and mosaic floors, and the absence transoms over the 
doors. 


Mr. Parsons can give information regarding fire doors, but 
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the speaker can answer with regard some warehouses the City 
New Orleans, which have been constructed under his immediate con- 
trol. One warehouse was 200 ft. long and 100 ft. wide, for the storage 
cotton, cotton-seed oil, and products that kind, which are highly 
inflammable. That building was constructed with brick foundations 
the level the floor and then filled with earth upon which 
concrete floor was constructed, dividing into sections. Very 
narrow openings were left between the different sections, and were 
protected from each other what you might call twin doors, with 
air space between them. not permitted pile any material within 
certain distance these doors. 

ferent buildings and cities. The location controlsthe price just 
does under other The speaker, ever since has been 
Chicago, has had offices one the first fire-proof high buildings 
that city. From the historical fact that the ground which this 
building now stands was formerly occupied such rattle-trap affairs 
that was known, the city over, the Rookery,” was called 
Rookery the capitalists who secured the land from the city 
ground rent years. building which will compare 
very favorably with any the United States, although was one 
the first high office buildings. Itis recognized from its location, history 


and associations probably the most desirable building Chicago, and 


can only hold acertain number people, tenants have pay quite 
the high figure named Mr. Wallace, which probably the highest 
rent charged any the buildings the city. There are 200 
people the building. Its cost was about 800 000, and from its 
inception the present time has never paid its owners less than 12% 
their investment, which makes rather profitable one for them. 
There are ten passenger elevators and one freight elevator, and the 
check which has been kept upon the number people riding them 
different times shows that many and per day 
have been carried. course, that number does not represent different 
individuals, but the number passengers carried. Every one living 
above the first story probably takes four rides day, addition 
which there are business visits between the offices, and people coming 
see the occupants. 

Rookery town within itself. has the basement its 
own power plant, its own pumps, its own heating arrangements, its 
own electrical service. has its own carpenters, its own painters, its 
own plumbers, and every mechanic necessary employed the build- 
ing permanently. They start from the roof and work down the 
ground regularly the years roll on. the time they reach the 
ground itself the basement, the top the building condition 
need their work once more, and they repeat the process, that the 
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building, after its years life, just good was the 
day was built. under the impression that the rate rent 
firm pays for New York offices the Empire Building, Broadway, 
which one the newest buildings, little higher than that paid 
Chicago. 

Esq. (by letter).—The public good, the 
common welfare the community, the only consideration that 
should regulate the height buildings, and the law commonweal, 


though sometimes slow, ever present and governor all things 
human. 


This undoubtedly the legal aspect the discussion, for places 
the rights the owner, the one hand, build chooses, over 
and against the rights the people, the other, restrict they 
deem advisable. 

The restrictions placed upon the height buildings com- 
munity should confined entirely such they have 
impose. That public prejudice and considerations should 
interfere with the owner’s individual right build high 
pleases unreasonable and absurd. Public prejudice undoubtedly 
strong factor, but the world would have remained exceed- 
ingly primitive state had always obeyed the admonitions this 
fickle and somewhat unreasonable goddess, while with 
its principles and doctrines, often results mere whimsicality 
grotesqueness that cannot taken imitable law, and 
net worthy consideration vital question that under 
discussion. 

Where the height building, however, affects the safety 
either the individual the community, and jeopardizes life and 
health, even stagnates commercial operations congesting the 
traffic the street upon which located, restrictions should 
fixed, and too much care cannot exercised determining what 
should the limitation. 

That building may constructed any height with perfect 
safety proposition generally accepted, though many conjectures 
arise the terrible havoc and loss life that would caused 
should earthquakes great severity, cyclonic storms unusual 
violence, devastate the modern city skyscrapers. These conditions 
are, however, such cataclysmic nature entirely preclude 
them from argument for against high buildings. 

From hygienic point view there little doubt that tait 
buildings are menace the health and happiness community. 
Sunlight natural disinfectant, and should allowed penetrate 
every city street, flooding least for few hours each day with 
its purifying rays. The fulfillment this seemingly unimportant 
condition really vital moment, and can illy afford neglected 


Mr. Hunt. 


Mr. Sloan. 
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great city teeming with population susceptible decimation 
contagious and infectious diseases. 

would almost seem that this consideration was sufficient im- 
portance alone regulate the height buildings, and would give 
basis work from, least temperate climates, that would insure 
light and airy streets, free from the miasma which typical the 
narrow passageways between high buildings Such basis 
determination would not only satisfy the exacting requirements 
the sanitary engineer, but would many cases meet the demands 
the 

considering the necessity for providing sunny and healthful 
streets, take for example the conditions they exist New York. 
This city latitude 40° N., and the sun’s declination 23° 
midwinter, that is, the 22d December. The altitude the 
sun noon found the formula: 


Alt. 90° (Lat. Decl.), 


and equals 26° 17’, giving zenith distance 63° 43’. Assuming 
building 100 ft. high, located street extending east and west and 
letting the width the street represent the tangent, and the height 
the building the radius the angle 63° 43’, the width the street 
necessary order that tne sunlight may penetrate the foot the 
opposite side walls would 202 ft. Such street would entirely 
too wide and pleasant for the economist and utilitarian, but, after all, 
would not make city such healthfulness and beauty the 
envy the world. 

While true that the sunlight could never, least winter, 
penetrate the entire street, the reflected light from the opposite 
wall would all that was necessary promote healthful atmos- 
phere and light buildings and streets. The width the street, 
figured this basis, would also take care any possible traffic 
brought about the usual commercial transactions. universally 
understood, and conclusively proven, that recent developments 
sanitation, intercommunication and economy administration, remove 
all restrictions relative the height buildings. There are, however, 
limitations imposed economical construction which will prevent 
the height buildings from exceeding that already attained the 
present time. 

One the factors which will tend limit the height buildings 
due the fact that the distance from the foundation story 
increases, the investment required construct that story likewise 
increased, and the returns the investment are not subject 
Such condition arises from the fact that the increased sectional area 
required the columns support given floor extends not only 
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throughout the length the columns the tier below, but through- Mr. Sloan. 
out the entire distance from the floor question the foundations. 

Similar considerations apply well the wind bracing, especially 

where diagonal bracing used, and where the building regarded 

cantilever beam supported the foundation, for the wind bracing 

any floor must proportioned sustain the increment stress 

from all the floors above. 

such conditions these that have made the growth the 
ocean liner and the locomotive slow, and kept the span bridges 
within reason, and will likewise prevent the design and construction 
buildings greater height than those present erected. 
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(by letter).—Moscow will soon have decide 
upon the method filtering daily 000 000 galls. river 
water, the quantity necessary for its municipal water supply. This 
circumstance was the cause the writer’s journey from Moscow the 
United States America the autumn 1897, when the so-called 
American method water rapid sand filtra- 
tion with had just begun receive scientific sanction 
America. 

The purification water subsidence and with the aid coagu- 
lation alum has been practiced since ancient times, and its good 
results making the most turbid waters clear crystal are well 
known. The modern American method water purification but 
improvement the older one changing the process from slow 
rapid one. 

During the first ten years its development the United States 
was not under scientific control, and was advocated merely com- 


The discussion this subject, which formal paper was presented, con- 
tinued from the August and September numbers Proceedings. 


Chief Engineer Moscow Water Works. 
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mercial grounds. The great advantage, however, amethod rapid Mr. Simin. 


filtration with coagulation caused several series well-arranged 
scientific investigations made, and their results led 
improvements. 

The first these investigations was made the year 1893 
Edmund Weston, Am. E., the City Providence, 
1896 and 1897 more extensive investigations were undertaken 
Louisville, through the initiative Charles Hermany, Am. 
E., and directed Fuller, Assoc. Am. Soc. E., who gave 
the science water purification great literary work without 
equal. same time independent scientific tests mechanical 
filters were made Lorain, O., the State Board Health, under 
the direction Allen Hazen, Am. Soe. 

the close his work Louisville 1898, Mr. Fuller made 
further studies Cincinnati, O., where the importance subsid- 
ence, with and without coagulation before filtration, was especially 
well demonstrated. 1897 the City Pittsburg, Pa., made parallel 
experiments with slow and rapid filters, under the general direction 
Mr. Hazen. 1899 Weston again experimented East Providence, 
I., Norfolk, Va., and March, 1900, Col. Miller terminated 
comparative test slow and rapid filters Washington, C., 
resulting recommendation adopt the rapid method water 
purification for 000 000 galls. 

All these scientific investigations combine prove that rapid 
mechanical filters are able give good results; and although Mr. 
Hazen recommended slow filters for Pittsburg, Pa., this did not pre- 
vent him from stating that the rapid filters were also able purify 
water, and remove its coloring greater extent than possi- 
ble with slow sand filters. 

the time, when the writer was still under the inspiration his 
inspection mechanical filter plants the United States, when 
was familiar only with the work Weston, Providence, and 
could have but superficial idea Mr. Fuller’s work Louisville, 
expressed his opinion* that obstacle would able stop the 
spread the American rapid method water purification.” Now, 
since all the above-mentioned scientific investigations are public 
possession, the writer cannot otherwise than reaffirm that opinion. 

The writer now wishes glance the matter from Russian 
standpoint. 

The method water purification with slow filters has been used 
Europe about seventy years, and has proven that good results can 
obtained it. they are notalways obtained. 
Russia not single case slow sand filters can considered being 


The Engineering News, March 19; July 23, 
The Engineering Record, March 24; July 21, 1898. 
Fire and Water, Vol. xxiii, No. 12. 
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wholly successful. The best filters this kind were built Warsaw 
the talented Mr. Lindley, and they left the water turbid during the 
session the second Convention the Russian Water Works Associa- 
tion, held 1895. The slow sand filters Odessa, also very well 
constructed English engineers, work the rate only ins. per 
hour, and yet cases unsatisfactory effluent occur often. St. 
Petersburg the slow sand filters work with too great velocity, and 
their average bacterial efficiency does not amount per cent. 
several other Russian cities slow sand filters are also made work 
too great velocities, account their insufficient size, and, therefore, 
give bad results. The writer believes that such cases lack 
success occur also Western Europe, where English slow filters are 
used many city water works. 

American mechanical filters are almost unknown municipal water 
works Europe, and many superstitions exist regarding them. System- 
atic scientific investigations the American method filtration 
with coagulation and sedimentation have not yet been made here. 
The investigations now undertaken the Moscow municipality, after 
the example Louisville and Pittsburg, should, therefore, con- 
sidered the first made Europe. 

The water taken from the Moscow River, within the city, where 
considerably polluted sewage and factory refuse, and very 
changeable character.* Many special investigations, already made 
the Moscow experimental filter plant, have cleared the subject, and the 
results general agree with those obtained America. Last March 
and April, when the stage the river was high, and when the water 
was very turbid, the mechanical Jewell” gravity filter moved 
99.8% the bacteria, and the filtered water during the whole time was 
quite clear. Sulphate alumina, quantities from grains per 
gallon, was used the coagulant, such large quantities being neces- 
sary obtain satisfactory bacterial results. 

Although these investigations are intended extend over one whole 
year, they cannot considered final, because they not indicate 
the results which would obtained the water taken the 
proposed new intake for the city water supply, located 
miles above the city. The water there contains but about 400 bac- 
teria per cubic centimeter, and therefore will require much less coagu- 
lant for its purification. that account proposed continue 
the investigations the place where the water for the future supply 
will actually taken, and make with mechani- 
cal and slow sand filters. 

the experiments should limited those now being made 
Moscow, the writer not sure that they would secure the adoption 


The Moscow River water, the point where taken the filters, contains from 
000 500 000 bacteria per cubic centimeter, the average, about 200 000. 


q 
a 
| 


DISCUSSION FILTRATION WATER. 1025 


mechanical filters for the Moscow water supply. The citizens are not Mr. Simin. 


yet accustomed the idea that possible dispense with slow 
sand filters for water purification. Ifthe writer continues the experi- 
ments for another year, will have more data and believes will 
then easier remove the prejudice against the American method 
water purification. 

The writer feels certain his conclusion that the most reliable, the 
most comfortable, the easiest and cheapest method, and the one best 
adapted control scientifically the purification the Moscow city 
water supply, the American method rapid filtration with coagula- 
tion organic matter. 

The reasons are follows: the daily practice water purifica- 
tion one should certainly give preference plant, the sanitary opera- 
tion which can more easily subjected scientific control. Such 
control more readily obtained the American rapid filters than 
the English filters for the following reasons: 

the normal operation American plant somewhat dis- 
turbed, very easy restore washing and coagulation. After 
effluent, while the effluent the English slow filters can not quite 
satisfactory until days after cleaning, during which time the 
filtered water must allowed run waste. case the effluent 
suddenly appears turbid, the filtered water must also run waste 
until clears itself. this sense not possible control slow 
sand filter. 

countries having severe winters, the American method 
water purification costs much less than the method requiring covered 
slow sand filters. (The cost filtration means rapid filters and 
open slow filters about the same.) 

the American method possible, not only make the 
water clear and remove the bacteria from it, but also remove the 
color caused vegetable pigments and other organic matter. Slow 
filtration removes such coloring matter toa much smaller extent, which 
important and defect of.that system. 

the case American filters increase the rate filtration 
does not cause such noticeable depreciation the quality the 
effluent, the case English filters. Moscow experimental 
plant satisfactory effluent obtained with arate 150 ins. per hour, 
and remains practically the same rate 250 ins. per hour. 

Occupying over fifty times much horizontal area American 
filters the same capacity, the English filters meet with serious dif- 
ficulties when there are suitable pieces ground upon which 
locate them. 

The method cleaning the English filters complicated and 
inconvenient. The sand has removed hand and periodically 
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restored hand. The washing the sand machines presents 
difficulties during freezing weather. The washing mechanical 
filters easy and quick, and obviates taking the sand out the fil- 
ters. The rapidity washing obviates also the large reserve filtering 
areas the slow method. 

The existing English slow filters make too easy increase the 
quantity filtered water, and thus avoid the erection new filters. 
this only necessary increase the velocity rate filtra- 
tion and dispense with the wasting the first effluent. Such 
practice, however, detrimental the quality the effluent water. 
With the use mechanical filters increase the quantity the 
filtered water much more easily and cheaply obtained, adding 
small supplementary rapid filter than large English filter. Nor 
necessary waste such great quantities the first effluent. Further- 
more, the increase velocity filtration does not affect the qual- 
ity the the same extent the case English 
filters. 

many cases American filters offer possibility uniting 
the process filtration with that softening the water freeing 
from iron. With the English filters this double effect not 
attainable. 

The greatest hindrance the adoption the American method 
the fact that requires coagulation, that say, the introduction 
chemicals into the water. often said that the public afraid 
the,sanitary effects chemical treatment the water which 
obliged drink. The writer sees justification such fears. Man- 
kind often employs chemical processes for various purposes, and 
great extent, that the micro-chemical process coagulation, when 
the water subsequently filtered, must not regarded any- 
thing out the way. The writer thinks that the spread the Amer- 
ican method city water works, when subjected good sanitary 
control, may considered even sign increasing public cul- 
ture and public reliance upon triumphant science. 

During the last few years America has made many scientific and 
practical investigations rapid water purification. Not single one 
them has undermined its reputation, the contrary, all them 
have strengthened it. 

America has investigated also the English slow method filtra- 
tion, and has proved that also may give good results. 

The science water purification much indebted America and 
its literature for the studies made both the English and Ameri- 
can methods. Europe did much for the English method 
alone America did for both. 

The writer thinks, however, that the American investigations 
slow filtration cannot wholly serve basis, regards its daily prac- 
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tical working, because during the investigations the filters are always Mr. Simin. 


placed more favorable condition than that which they are likely 
get practice. Only when made large filter plants daily use, 
and when free from idealization, are such experiments able show 
clearly all the merits and defects their true light. Our present 
water works literature hardly yet contains record any such inves- 
tigations regards English filters. The writer feels sure that 
such investigations, systematic and thorough, would clear the way 
for the further spread the American method. Therefore, although 
insisting the use this method for purifying the new Moscow water 
supply, the writer recommended that one filter with daily capacity 
500 000 vedro 625 galls.) should arranged according 
the English method with all its improvements, and that such fil- 
ter should work under the best practicable conditions simultaneously 
with the mechanical filters. 

the writer succeeds having American filter plant 000 
000 galls. daily capacity, adopted for the Moscow water supply, 
would take care that the English filter plant, which proposed 
build for 625 000 galls. per hours, should remain for permanent 
use, that investigations both systems could made under per- 
manent scientific control and equal footing. 

The investigations made the United States America have 
thrown much light upon the method rapid water purification. Let 
hope that similar light may thrown upon the English method 
slow filtration, which almost exclusively for years has served 
European water works practice. 


ANDREW Inst. E.—The discussion upon this sub- Mr. Johnston. 


ject appears have been selected most appropriate time when 
remembered how large percentage our losses South Africa 
due diseases very greatly attributable contaminated water. 

For some time the speaker has been conducting experiments with 
the water the River Ouse, Yorkshire, and for that purpose has 
had constructed two filters each having area sq. yds. One 
filter composed sand and gravel only, and the other has layer 
Polarite ft. ins. thick between sand and gravel, each filter 
having total depth ft. 

The water treated contains storm time much fine clayey matter, 
and has strong yellow peaty color, due mainly organic contami- 
nation. 

The sand filter slightly reduced the color, while the Polarite 
completely removed it. Both filters, course, removed all sus- 
pended matter well reduced the bacteria one per cubic centi- 
meter. 


The following are the analytical results parts per 100 000 the 
important constituents. 
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Water from Water from 
Water from 
subsiding Polarite 
reservoir. sand filter. filter. 
Albuminoid 0.0194 0.0096 0.0078 


The sand filter was working the rate 480 galls. per square 
yard per hours, and the Polarite filter the rate 444 galls. 
per square yard per hours, or, other words, the Polarite filter 
was doing 500% more work than the sand filter, and giving higher 
degree purification. 

Comparing the foregoing results with those given Mr. Lindley, 
his admirable description his elaborate system Warsaw, 
found that the rate filtration, the speaker’s experiments, com- 
pared with his, follows: 

The speaker’s sand filter was working the rate 607 liters per 
meter per hours, and the Polarite filter was working the rate 
273 liters per meter per hours, against the Warsaw maximum 
rate liters per meter. should stated, however, that the 
speaker first causes the water for the Polarite filters pass through 
mechanical Polarite clarifier, working the rate 000 galls. per 
square yard per hours. 

coagulant used, against English practice use any 
chemicals water for drinking purposes. 

Although may argued, and some extent truly, that com- 
pare the results experiments extending over few months with 


those obtained Mr. Lindley experiments lasting for number 


years not fair, yet the speaker does not think such argument 
will affect this subject, because able state, from the experience 
other engineers, that equally good results are obtained water- 
works where Polarite has been used for many years. the West 
Hants Water-works, Christchurch (England), the supply taken 
direct from the River Avon, first passed through Polarite automatic 
clarifiers, which remove the suspended matter, and then, simple 
arrangements, sprayed upon Polarite filters. One feature the 
method Christchurch that the use the clarifier enables subsi- 
dence reservoirs dispensed with, thus effecting great saving 
cost. 

The following extract from the Government Official Report 
Dr. St. George Mivart, the English Local Government Board, 
the Circumstances and Administration the Borough 


Christchurch, South Hants,” and shows the pollution which the: 


River Avon subject above the intake the water-works: 
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River Avon, from which the supply now wholly derived, Mr. Johnston. 


rises Wiltshire, the neighborhood Devizes. Ido not propose 
here deal with pollutions which enter the earlier part its 
course. its banks, the vicinity Christchurch, are number 
considerable aggregations population, most which, under- 
stand, get rid their sewage discharging more less directly 
the river few miles above the intake. inspection the river 
did not extend beyond that portion the immediate neighbor- 
hood the Borough, and hereabouts noticed that pollution pos- 
sible, reason pig-keeping upon large scale, carried close 
the river, about quarter mile above the intake, and from the 
keeping animals and poultry the tenant the mill the site 
the water-works.” 


Notwithstanding the fact that the River Avon cannot looked 
upon ideal supply, yet, successful the filtration process 
adopted that the water issues from the Polarite filter excel- 
lent quality, and shown the following analyses brought into 
condition equal that the purest well waters this country. 


Kent DEEP WELL. West Hants, 


ANALYSIS TERED. ANALYSIS 
DECEMBER, 1898. DECEMBER, 1898. 
Grains per gallon. 
Albuminoid 0.005 0.006 
Nitrogen nitrates and 0.311 0.191 
Total solids dried 212° Fahr............. 28.98 20.44 
Permanent hardness...... 4.8 3.1 
Removable 13.8 7.9 


The Polarite filters Christchurch were laid down 1895, and 
continue work satisfactorily now when first put into operation. 

Hastings* (England), Polarite filters have been used for ten 
years the public water supply, and the following are analyses and 
report the Official Chemist two samples Hastings water 
purified Polarite, and taken from two different filtering stations: 


Hardness before boiling................. Clark. Clark. 


PER GALLON. 


No. Sample. No. Sample. 
Oxygen absorbed from 
Albuminoid 0000 


Population supplied with water, about 000. 
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These waters are, chemically speaking, great organic purity.” 

(England), the whole the public water supply 
purified Polarite, and the following chemical analyses and bacterio- 
logical results, extracted from report the Water-Works Commit- 
tee, show the effect this method filtration. 


results the analysis are expressed parts per 100 000, 
and are follows: 


Oxygen absorbed from permanganate 80° hour. 
hours 
Color and appearance 2-ft. Pale, green, clear. 
examination satis- 
factory. 


colonies micro-organisms the river water, 200. 

micro-organisms both the river and the filtered water were 
considerably less numerous than they were last month, and over 99% 
those existing the former had been removed filtration. 

results the chemical and bacteriological analyses are satis- 
factory, and show that the filters were working well.” 


Population supplied with water, about 000. 
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coal pockets for steam plants has, within few years, received consid- 
erable attention, both the stresses induced the framing and 
the details construction. hoped that the author will 
incorporate further details this notable pocket the final pub- 
lication. 

With the present knowledge the subject, surprising note 
how recently large steel pockets have been erected without precautions 
being taken avoid the certain corrosion. There have even been cases 
where some the principal members the framing have been exposed 
contact with the coal. 

The disastrous failure large pocket Paterson, 1897, 
created discussion, among engineers and the technical papers, 
much practical value, which has borne fruit the more recently 
designed pockets. 


The maximum loading and the prevention corrosion are now well 


This discussion the paper Montony, Assoc. Am. Soc. E., printed 

Proceedings for printed Proceedings order that the views expressed 

may brought before all members the Society for further discussion. 
Communications this subject received prior October 26th, 1900, will printed 


later number Proceedings, and subsequently the whole discussion will published 
Transactions. 


Mr. 
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Mr. Carr. defined good practice. There another point sometimes lost sight 
the design such pockets: namely, avoiding ‘‘dead spaces 
between the chutes, where coal can remain lodged. asserted 
men experience that any mass bituminous coal left stationary 
certain, sooner later, ignite spontaneous combustion. The 
writer knows one large storage pocket where men are sometimes put 
move coal hand guard against danger from fire. 

The writer recently had design coal pocket for the United 
States Bureau Engraving and Printing, Washington, C., inci- 
dent extension and improvements the steam plant. There were 
limiting conditions, partly architectural, that ideal arrangement 
coal-handling apparatus wasimpossible. The scheme framing and 
the details construction, however, may interest. 

The bottom part the pocket was made the shape several 
inverted pyramids, thus avoiding any spaces for the lodgment coal, 
and the same time permitting the use deep lattice girders between 
the several pyramids. These girders give stiff bracing, and support 
large proportion the load. 

Expanded metal, wired angles, was used prevent the cracking 
the concrete. 

For the vertical sides the pocket, brick filling was used between 
the beams, one side the pocket formed the outside wall the 
building. 

Since reading Mr. Montony’s paper the writer has determined 
recommend waterproofing addition the cement and concrete pro- 
tection for the pocket the Bureau Engraving and Printing. 

The writer was ably assisted the foregoing work Kort Berle, 
Assoc. Am. Soc. E., who made most the calculations and 
worked out the details. 


ALBERT Assoc. Am. Soc. E.—In regard the con- 
struction the foundation work there are some minor points which 
the author might have put little differently had consulted 
with some one having with the execution the work. 

The only point real importance, perhaps, the statement 
regard cement and concrete. The author states that concrete 
used was mixture one part cement, two parts sand and four parts 
broken stone, and the cost $4.50 per cubic yard, according 
whether Portland Rosendale cement was used.” far the 
speaker aware has any record, not barrel Rosendale cement 
was used this work, and concrete was mixed the proportions 
quoted. 

The concrete under the chimney was nearly all mixed the pro- 
portions, cement, sand and broken stone. The concrete outside 
the chimney was nearly all mixed the proportion part cement, 
parts sand and parts broken stone and parts 1}-in. stone. 
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The cost quoted substantially correct, but the difference cost Mr. Carr. 


due the difference the proportions material used and not 
difference cement stated. Also, part the difference 
cost due the fact that part the concrete was machine mixed 
and part hand mixed. 

The author states that the excavation for the building was sheet- 
piled all around. The excavation was sheeted three sides com- 
plete, and the fourth side only far enough cross the cribs which 
are mentioned. interesting feature the sheet-piling that the 
side the excavation left unsheeted was towards the East River, which 
was about ft. distant. 

The sheet-piling crossing the cribs mentioned consisted only 
single line ins. ins. tongue-and-grooved timber and was not 
puddled. lines sheet-piling were driven across the crib the 
north side the excavation, but the driving the second line was 
due change location the east wall the building, and not 
because single dam was not entirely successful holding back the 
water. 

Mr. Low has amplified Mr. Montony’s description the 
ing around the chimney foundation. The speaker responsible for 
the plan holding back the sheet-piling tie rods instead using 
the ordinary method bracing inside the foundation, and was 
much gratified its Three sides the excavation were kept 
practically straight lines, and the fourth side bulged into the ex- 
cavation for only ins., that there was serious movement the 
material back the sheet-piling. this method the expensive and 
troublesome bracing inside the chimney was done away with, and the 
entire space inside the excavation was available for the use pile 
drivers. All piles were driven without moving the timbers, would 
have been necessary with the ordinary method bracing. 

The author seems imply that the plan using piles under the 
foundation was adopted because the character the soil was not 
known with sufficient definiteness. 

Test borings were made, stated, over the plot depth 75, 
but one preliminary boring was carried rock, which was found 
123. The original intention was found the chimney upon rock, 
and the depth had not been more than ft. this plan would have 
been carried out, but was not deemed feasible carry the founda- 
tion down 123. 

The borings showed, stated, filled-in material the depth 
about ft. Below this was stratum packed river mud clay, 
about ft. thick, and below this were strata sand beginning with 
coarse sand top, and gradually increasing fineness until about 
the level where fine beach-sand was encountered. This 
fine sand determined the length piles. 


~ 
q 
| 
4 
h 
d 
nt | 


Mr. Carr. 


Mr. Low. 


1034 DISCUSSION NINETY-SIXTH STREET POWER STATION. [Papers. 


number test piles were driven refusal, and these piles 
indicated that sticks about ft. long could used. Very few piles, 
however, over ft. long were driven. The piles were driven 
penetration with hammer dropping ft. 

other respects, far the speaker aware, the statements 
made the author are correct, and the discrepancies noted are 
probably due the fact than plans were sometimes changed the 
field after the design had left the Chief office. 


Low, Esq.—There was little settlement the chimney, 
but that was anticipated. Careful records were kept from week 
week. The speaker took the levels once week, and found that, 
the chimney went up, gradually settled little, and to-day the total 
settlement under ins., most that taking place before the chim- 
ney was completed. Since the chimney has been completed there has 
been added the weight part the three boiler room floors and the 
coal pockets, where the coal stored. the settlement, taken 
all four corners the base, variation not more than in. found 
any the four corners compared with any the others. 

The speaker does not know how much that settlement was due 
shrinkage the concrete. 

The load each pile under the chimney foundation was between 
and tons. The speaker does not know the load the piles 
under the other part the building. 

The coal pockets are all waterproof, and there are places where 
the coal can lodge, there being complete system hills and valleys. 
Mr. Pearson, the Consulting Ergineer for the company, and Mr. 
Starrett, the Chief Engineer, have both had good deal experience 
coal-pocket construction, and are, therefore, aware the damage 
which can done the action the coal the iron. 

instance, the coal pockets the Kent Avenue power-house, 
Brooklyn, may mentioned. These pockets were lined with sheet 
iron, which corroded entirely through. The pocket the Nincty- 
sixth Street power station was built concrete, the spacing between 
the being filled with concrete and carried out ins. beyond 
the face the beams. Then the was put 
company whose formula, unfortunately, the speaker does not know 
—was applied, and was found that was such consistency that 
the dust the coal knitted into it, and, far, has not caused the 
least trouble. 

The object the belt conveyor take the ashes out when 
not being hoisted. runs usually during the night, but 
sometimes run during the day, when the conveyor not 
operation. was found too expensive run the coal conveyor 
take out the ashes alone, and, consequently, the belt conveyor was 
put in. 
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Assoc. Am. Soc. E.—The original Mr. Boecklin. 
plan was, stated the author, handle the ashes means the 
returning coal conveyors, but modification was found advisable—as 
the coal conveyors are not always running when necessary 
remove the ashes, and the running 800-ft. conveyor, merely 
transport them distance ft. would not economical, Robins 
Conveying Belt was installed for the purpose. 

This conveyor cousists, essentiaily, two parts—belt and 
The belt ins. wide, reinforced along its middle coating 
rubber in. thick resist wear. The upper idlers supporting the 
belt and its load are made three 5-in. pulleys, two which are 
set angle 35° the horizontal, thus troughing the belt and 
materially increasing its capacity. the head end this conveyor 
circular brush contact with the return belt, operated from the 
head shaft and throws any ashes which may adhere the belt after 
passing the head pulley. 

Ashes are brought means small cars from hoppers under the 
boilers and dumped the floor the east end building, and from 
here they are shoveled hand into long horizontal hopper deliver- 
ing into bucket conveyor. This conveyor rises the level the 
bridge, and, running horizontally, delivers onto the belt. 


Esq.—Two engines are used drive the coal convey- mr, Kent. 
ors, and they are between and H.-P., but the speaker does not 
think they have yet been carded. The smaller engine, when running 
the belt conveyor, exerts about H.-P. The wet ashes, they come 
from the ash pan, not cause any trouble, but the soot, taken from 
the back the boilers, sticks cakes the belt and has 
cleaned off. The large buckets are affected the same way. 
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profession should ready all times give hearing the advo- 
cates any new processes affecting the materials construction; and 
test such processes when possible without too great 
expense; when the possible resulting failure can determined 
before the expenditure has become very large. 

There now, and will the future greater extent, strong 
desire experiment with new wood preservatives. The two methods 
now use are old. The evidence their value, the writer’s 
opinion, sufficient justify their general adoption, but not 
complete could desired, and, from the nature things, not 
likely be. The difficulty keeping tie records long lengths 
road for and 20-year periods such that those who desire find 
fault with them will always have opportunity. One the greatest 
dangers the cause timber treatment country likely 
this desire for something new—and cheap. 

the writer’s study the question, has been very amusing and 
instructive read the circulars and endorsements therein, years 
ago, methods long since gone the board. seems almost neces- 
sary demand the advocates every new treatment, that 


Continued from 1900, Proceedings. See May, 1900, Proceedings, for 
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should first tested for years and then presented the Mr. Curtis. 
attention the public. Certain that nothing short such 

test can considered as*conclusive, comparative value, the 

case ties. 

Evidently, however, all engineers not take quite such pessi- 
mistic view the matter. committee one the Associations 
Engineers Maintenance-of-Way recently reported very strongly 
recommending the general adoption method treatment ties 
painting them with dipping them certain preservative com- 
pound; the advice being prefaced with and based upon statement 
that such treatment life years could secured from timber 
naturally having life but years. The evidence support such 
claims very small and entirely insufficient warrant any such 
general recommendations. the advertising matter regarding one 
the most recent processes offered the public, the report learned 
professor, which asserted that life from years can 
secured from soft wood ties treated this particular method; and 
the evidence which this based that poles treated and placed 
soil favorable decay were sound after years. 

The writer does not intend decry either these processes; they 
may great value, but the evidence thereof, applied ties, 
extremely limited. 

Mr. Kummer describes treatment intended overcome certain 
mechanical difficulties connection with creosoting, particularly 
railroad Evidently, refers the fact that creosoting does 
not harden timber and that the usual allowance for ties, Ibs. 
creosote per cubic foot, does not completely saturate the wood. This 
undoubtedly true, but seems hardly fair condemn creosoted 
ties therefor, without some more definite actual bad results. 
The recorded history creosoted ties the United States not very 
great, but, far goes, does not indicate that the deterioration 
from rail cutting serious detract greatly from the value 
the treatment. 

Mr. Kummer has shown means whereby such difficulties 
exist, however great small they may be, can removed, has 
earned the thanks the profession; but must careful lest, 
running from the troubles which know, not also leave good 
qualities which are certain. the paper did not state the com- 
parative costs the creo-resinate treatment and ordinary creosoting, 
the writer inquired the company operating the process, and was told 
that the costs were the same, using equal amounts preservative 
material each case. For tie creosoted with Ibs. per cubic 
foot the English records show life from years; using 
rail supported cast chair. creosoted ties here are provided 
with tie-plates, additional cost about cents, there every 
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Mr. Curtis. reason expect long service; indeed, Mr. Boggs, his discussion* 


the writer’s paper, states that the Houston and Texas Central 
80% the creosoted ties laid there 1877 were still service 
after years, and that without tie-plate. 
The remarks the necessity for complete sterilization 
creosoting are doubt correct. this respect the chloride 
zine treatment has advantage, for, while sterilization there prob- 
ably advantageous, the use heat primarily season the wood 
and open the ducts, permit the entrance the preservative fluid. 
This completely saturates the timber, properly done, and the pre- 
serving and toxic agent deposited throughout all parts the 
timber. There decided lack data the penetration heat 
into ties during steaming, and the figures given the paper are 
welcome and pleasing well, demonstrating, they do, the thorough- 
ness the steaming Mr. Kummer states, with 
temperature 230° Fahr. the cylinder, 178° was secured the 
center (of the tie) hours, while with 290° the outside, 249° 
was secured Presumably, the hours referred the 
time interval between the admission and exclusion steam and 
from the cylinder. Burnettizing, customary steam for 
least hours, the temperature being from 250° 260° Fahr. The 
mean the two cylinder temperatures given Mr. Kummer 
and the mean the resulting tie temperatures 
reasonable conclude that the usual practice Burnettizing results 
complete sterilization. With reference the use higher tem- 
perature under pressure, without injury the timber, the writer 
has data. not satisfied with any explanation the philoso- 
phy it, known him, but the evidence seems support the claim. 
The danger feared not much the checking the wood, 
the breaking down and disintegration the fiber. would very 
interesting know the relative absorption preservative timber 
treated according the author’s method and the use heat 
250° for the same length time without pressure. 

Table No. shows the amount absorption preservative 
green and vulcanized timber. well known that impossi- 
ble inject any large amount anything, even water, with the 
usual pressures and time application, into timber which has not 
first been prepared for steaming. Before the value vulcaniz- 
ing can admitted preparatory treatment, must shown that 
steaming the usual heat would not secure the same results. Even 
the time such steaming with 250° temperature was one two 
hours longer, the writer’s opinion, would much safer. 

Table No. shows the uniformity absorption—or lack thereof. 
will noted that the range from 5.62 16.87 lbs. per cubic foot; 


Transactions, Am. Soc. E., Vol. xlii, 348. 
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the variation being just 200% the lower extreme. Evidently, vul- Mr. Curtis. 


canizing not successful entirely eliminating the idiosyncrasies 
wood. 


Mr. Kummer states that thorough sterilization not generally 
secured during creosoting treatment. writer understands that 
creosoting works generally use high temperatures steaming 
Burnettizing works, and continue for long longer 
periods. What evidence has the author that the temperature 212° 
the center the tie not secured creosoting? 

The use the creo-resinate process the author 
for marine work. The writer recently received letter from Mr. 
Byrnes, Superintendent the timber treating works Beaumont, 
whose experience this line extends back some years. 

states that Mr. Putnam made test combination 
resin and creosote, while operating the works Pascagoula. 


treated quantity sheet piling for the Galveston Wharf 
Company, about years ago, and less than years the teredo had 
completely destroyed the wood. The President the Wharf Com- 
pany appointed the arbitrator their behalf, and recommen- 
ded that Mr. Putnam allowed act his own behalf. had 
the piling cut out the point greatest exposure and divided them 
into short cuts and split them small sections. The wood showed 
perfect saturation, but, while only one-third resin had been used 
two-thirds oil, there was odor sign, other than color, that would 
indicate that particle dead oil had been used. The resin had 
totally destroyed the quality the oil preservative against 
teredo. About 1869, one the leading chemists and physicians 
New Orleans conceived the idea treating wood with mixture 
resin-oil and resin, for marine use. were that time distilling 
resin-oil connection with our coal-tar distilling works. treated 
other structures Lake Pontchartrain, Biloxi, Mississippi Sound, 
and Fort Phillip and Fort Jackson, the mouth the Mississippi 
River. The treatment seemed give the wood for the teredo. 
The Biloxi test was destroyed totally within years. The Lake Pont- 
chartrain and mouth river samples held out for year two 
longer, but none greater extent time than the natural wood. 
While the treatment wood with mixture dead oil and resin may 
effective preservative against decay, has been positively 


proven thorough tests that good results will obtained when 
used 


The process described the author differs somewhat from that 
followed Mr. Putnam; and may that the differences are 
cient secure more happy result. matter history, however, 
the foregoing should recorded. 

Mr. Byrnes strongly the opinion that, get satisfactory results 
from creosoted timber marine work, must allowed dry out 
for from days after treating, when the creosote the outer 
part the timber becomes thick and gummy. this done, and 
the treatment has been properly given, satisfied that difficulty 
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will experienced with the washing out the creosote; and the 
durability the work will prove satisfactory. 

hoped that future experience with the creo-resinate 
treatment will demonstrate its value great the author anti- 
cipates. The writer, however, less interested improving upon 
creosoting practice than approximating the results secured thereby 
aless cost. The great need the railroads to-day demon- 
strate confirm the value the zine chloride treatment; and 
improve thereon. 


Am. E.—The writer’s attention has been 
called Mr. Boggs’ communication, published the September, 
1900, Proceedings, which the following statement made: 


Montfort, Am. Soc. E., Chief Engineer the Louis- 
ville and Nashville Railway, better position than any one known 
the writer speak with authority the action the teredo 
creosoted piles, his line traverses number salt water inlets 
along the Gulf Coast, and probably owns one the oldest creosoting 
plants the country. the writer’s impression that has 
entirely abandoned treating his piling, and now protecting with 
salt-glazed sewer pipe, creosoting did not protect against the 
teredo.” 


Mr. Boggs mistaken his impression. The Louisville and 
Nashville Railroad Co., during the past twelve months constructed 
large dock and warehouse the foot Commendencia Street, Pensa- 
cola, Florida, which some 000 creosoted piles, averaging ft. 
length, and treated with creosote oil per cu. ft., were used. 
addition this, during the same period, about 000 000 ft. 
sawed timber were used this company the wharf referred to, and 
for bridges, culverts, certainly, therefore, cannot said that 
the Louisville and Nashville Railroad Company has entirely aban- 
doned the use creosote oil for protecting piling and timber against 
the teredo and against rot. 

true that after service fourteen years the creosoted piles 
trestles across Biloxi Bay, and Bay St. Louis, the New Orleans 
and Mobile Division, and across Escambia Bay the Pensacola and 

Atlantic Division the Louisville and Nashville Railroad, were found 
attacked more less serious degree the teredo, and the 
piles these trestles were further protected against the teredo 
concrete vitrified clay pipe described paper the writer, 
read before this Society November 1893.* The same creosoted 
piling, driven 1878, namely: 626 piles Bay St. Louis, and 648 
piles Biloxi Bay, total 274 piles, with the exception 
that have been replaced new piles account rot, and 122 piles 
that were destroyed the hurricane October 2d, 1893, are still 


use, giving good service and with prospect lasting several years 
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come. Untreated piles these bridges would not last, average, Mr. Montfort. 


more than seven years against rot, six months against the 

Mr. Boggs does not state the treatment adopted, the qual- 
ity the oil used the piles the Gulf, Colorado and Santa Ry., 
Galveston, Texas, which gave such poor results. From the writer’s 
experience inclined think there must have been some defect, 
either the treatment the quality quantity the oil used 
that caused such results. 

The writer Mr. George Valentine, who for years has 
been charge The Eppinger Russell Co. Creosote Works, 
Long Island City, Y., treated piles the early 70’s that were 
driven Galveston Bay, and are still doing service they have not 
been destroyed the recent hurricane. 

discussing the paper referred to, the writer said: 

recent years, have been experimenting with mixture 
resin and dead oil, with the hope that the resin will aid fixing the 
oil and prevent from being dissolved washed out. time 
has not elapsed form any definite conclusion, although far piles 
thus treated have given satisfactory results.” 


regretted that further experience with piles treated with 
dead oil coal tar and resin has not given the satisfactory results 
hoped for. 1890, having been found that the teredo had com- 
menced attack the piles piers East and West Pascagoula River 
bridges, driven 1876, was decided strengthen the piers 
replacing two piles each end each pier, consisting sixteen 
piles. These piles were ft. long, ins. diameter the small 
end, and were driven ft. into the bottom the river. They were 
treated with mixture resin and oil the proportion barrels 
resin barrels creosote oil, which about the same propor- 
tion Mr. Kummer proposes use. The total number piles treated 
this way and driven these bridges was 88. 

recent examination these piles for rot, boring, showed that 
the inside piles driven 1876, and therefore years old, only 
showed rot the heart, while those treated with the mixture 
oil and resin, driven 1890, and only years old, 43°, showed 


the heart. examination diver showed that the piles years old, 


originally treated with creosote oil, were better condition than the 
piles only years old treated with the creosote oil and resin mixture. 
From this will seen that the idea mixing resin with the 
creosote oil did not originate with Mr. Kummer, but was used the 
late Putnam, Assoc. Am. Soc. E., who did the work re- 
ferred to, under contract, more than years ago. 
The writer hopes that Mr. Kummer’s experience with piles 


treated will better than the results obtained the Louisville and 
Nashville Railroad. 


*Transactions, Vol. xxxi, 
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Engineers (of the International Committee Standards for the Analysis Iron and 
Steel, which Prof. Langley Chairman)—Charles Dudley, William Metcalf, 
Thomas Rodd. 


Charles Dudley, Alexander Humphreys. 


THE PROPER MANIPULATION TESTS CEMENT :—George Swain, Alfred Noble, 


The House the Society open every day, except Sunday, from P.M. 
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AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 


PROCEEDINGS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


SOCIETY AFFAIRS. 


CONTENTS: 
Minutes Meetings: PAGE 
the Society, November 7th and 
Hours during which the Society House 


MINUTES MEETINGS. 
THE SOCIETY. 


November 7th, 1900.—The meeting was called order 8.40 
Vice-President Rudolph Hering the chair; Charles Warren Hunt, 
Secretary; and present, also, members and visitors. 

The minutes the meetings October and 17th were approved 
printed Proceedings for October, 1900. 

The following papers were presented for discussion: Canals be- 
tween the Lakes and New York,” Joseph Mayer, Am. Soc. E., 
and The Dimensions for Waterway from the Great Lakes 
the Atlantic,” George Wisner, Am. Soc. The first 
these papers was presented the author, the second was presented 
abstract the Secretary, who also read written discussions 
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Messrs. Thomas Symons, Isham Randolph, Schenck, and 
Wright. 
Further discussion these papers was postponed until the meet- 
ing November 21st, 1900. 
Ballots were canvassed, and the following candidates were declared 
elected: 


Frank Burlington, Iowa. 

Loomis St. Joseph, Mo. 

Grant Kansas City, Mo. 

WHEELER New York City. 
Tokyo, Japan. 

Jr., West Roxbury, Mass. 


MEMBERS. 


ARNOLD CHARLES Grand Island, Neb. 
ALEXANDER McCrea, Allegheny, Pa. 
JAMES WHISKEMAN, Louisville, Ky. 


The Secretary announced that the meeting the Board Direc- 
tion, November 2d, 1900, the ballot the reconsideration GusTAVE 
Tuska was canvassed, and that Mr. Tuska was declared 
elected Member the Society. 

The Secretary announced the following deaths: 
elected Junior October 2d, 1889; died September 21st, 1900. 
elected Member June 6th, 1894; died October 
10th, 1900. 

The Secretary announced that the Thirty-third Annual Convention 
the Society will held Niagara Falls, Y., Tuesday, 
Wednesday, Thursday and Friday, June 25th, 26th, 27th and 
1901. 

Adjourned. 


November 21st, 1900.—The meeting was called order 8.40 
M., Vice-President Rudolph Hering the chair; Assistant Secre- 
tary McMinn acting Secretary, and present, also, members and 
guests. 

The discussion the papers Messrs. Joseph Mayer and George 
Wisner, Canals from the Lakes New York, was continued. 
Messrs. Thomas Clarke and Edward North discussed the subject 
orally, and written discussions Messrs. Thomas Monro, Frank 
Hinds, Elnathan Sweet and Lyman Cooley were presented. 

The Assistant Secretary the death 
elected Associate February 4th, 1880; died September 28th, 
1900. 

Adjourned. 


| 
| 
7 
J 
= 


MINUTES MEETINGS. 233 


THE BOARD DIRECTION. 
(Abstract. 


November 2d, 1900.—8.10 Hering the 
Chair; Charles Warren Hunt, Secretary, and present, also, Messrs. 
Bensel, Clarke, Deyo, Knap, Morison, O’Rourke, Ricketts, Seaman, 
Turner and Whinery. 

was decided undertake the preparation Subject Index 
the first forty-four Volumes Transactions, for issue soon possi- 
ble the membership. 

The place for holding the Thirty-third Annual Convention was 
fixed Niagara Falls, Y., and the time, Tuesday, Wednesday, 
Thursday and Friday, June 25th, 26th, 27th and 28th, 1901. 

Announcement was made the appointment Messrs. Joseph 
Mayer, Arthur Talbot and Tinkham Committee Recom- 
mend the Award Prizes for the year ending with the month July, 
1900. 

The reconsideration ballot the case Gustave Robitscher 
Tuska, for admission Member, was canvassed, and Mr. Tuska was 
declared elected. 

The following resignations were presented and accepted: 

Julian Edward Caccia, Assoc. Am. Soc. E.; Thomas Tainter 
Watson, Jun. Am. 

Committee was appointed report the subject invita- 
tion this Society co-operate proposed International Engi- 
neering Congress held Glasgow during 1901. 


Applications were considered and other routine business trans- 
acted. 


Adjourned. 


| 
4 
4 
1 
q 
> 
q aN 


234 ANNOUNCEMENTS. [Society 


ANNOUNCEMENTS. 


accordance with the resolution the Board Direction the 


MEETINGS. 


Wednesday, December 5th, 1900.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper Ewald Schmitt, Assoc. Am. E., entitled, 
Direct Method Spacing Rivets and Finding the Position, Etc., 
Stiffeners Plate Girders,” will presented for discussion. 

This paper printed the current number Proceedings. 


Wednesday, December 19th, 1900.—8.30 meeting 
will held which paper entitled Some Peculiar Railroad Bridge 
Accidents,” Boggs, Assoc. Am. Soc. will presented. 

This paper printed the current number Proceedings. 


Wednesday, January 2d, 1901.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper entitled The Kinzua Viaduct the Erie Railroad Company,” 
Grimm, Am. E., will presented for discussion. 

This paper printed the current number Proceedings. 


CORRECTION MINUTES 
MEETING OcTOBER 1900. 


the minutes the meeting October 3d, 1900, substitute for 
the list candidates there given elected the Board Direction,* 
October 2d, 1900, the following: 


ASSOCIATES. 


THANE Ross Brown, Milwaukee, Wis. 


JUNIORS. 


Goprrey Arn, Nashville, Tenn. 
Sam Steelton, Pa. 

Cameron, Princeton, Ind. 
Harrison Columbus, Ohio. 
Brantz Ozone, Tenn. 

New York City. 
TYRRELL, St. Louis, Mo. 


*The gentlemer named the list printed mistake were elected the respective 
grades May Ist, 1900. 
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ANNUAL MEETING. 


The forty-eighth Annual Meeting will held the Society House, 
January 16th and 17th, 1901. The Business Meeting will called 
order o’clock Wednesday morning. The annual reports will 
read, officers for the ensuing year elected, members the Nomi- 


nating Committee appointed, amendment the Constitution consid- 


ered, and other business transacted. 
The arrangements for excursions and entertainments will 
announced later. 


PROPOSED AMENDMENT THE CONSTITUTION. 


The following proposed amendment the Constitution has been 
received the Secretary, and has been sent the Corporate Members 
the Society, accordance with the provisions Section Article 
said Constitution: 

Amend Section Article adding the following: 

The Board Direction may transfer any Junior elected prior 
March 4th, 1891, the grade 


This amendment proposed George Morison, Whinery, 
Joseph Knap, John Bogart and Schneider. 


NOMINATING COMMITTEE. 


Heretofore, seven members the Nominating Committee, one from 
each the Geographical Districts, have been elected the 
Annual Convention. 

The amendment the Constitution adopted October 3d, 1900, 
provides that this election shall take place the Annual Meeting. 

The usual blank request for suggestions representatives 


each district, for presentation the meeting, will soon mailed 
Corporate Members. 


ANNUAL CONVENTION 


The Thirty-third Annual Convention the Society will held 


Niagara Falls, Y., Tuesday, Wednesday, Thursday and Friday, 
June 25th, 26th, 27th and 28th, 1901. 
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[Society 


MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(October 11th November 13th, 1900.) 


This list published for placing before the members 
the Society the titles current engineering which can referred 
the publication directly, the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number 


fixed each journal this 


(1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 
(2) Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 
(3) Journal, Franklin Inst., Philadel- 
(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 
(5) Transactions, Can. Soc. E., Mon- 
treal, 
(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 
(7) Technology Quarterly, Mass. Inst. 
Tech., Boston, 75c. 
(8) Stevens Institute Indicator, Stevens 
(9) Engineering Magazine, New York 
City. 80c. 
(10) Magazine, New York City, 
wre. 
Enaineering (London), Wiley, 
New York City, 
The Engineer (London), International 
News New York City, 35c. 
News, New York City, 


ve 

(14) The Engineering Record, New York 
City, 12c. 

(15) Gazette, New York City, 
We 


(16) Engineering and Mining Journal, 
New York City. 15c. 

(17) Street Railway Journal, New York 
City. 35c. 

(18) Raiiway and Engineering Review, 
Chicago, 

Scientific American Supplement, New 
York 

(20) fron New York City, 10c. 

(21) Raiiway Engineer, London, Eng- 


land. 

Iron and Coal Trades Review, Lon- 
aon. England. 

(23) Bulletin, American Iron and Steel 
Philadelphia, Pa. 

(24) American Gaslight Journal, New 

York 

(25) Engineer, New York City, 


(26) Electrical Review. London, England. 

(27) World and Engineer, New 
York City. 10c. 

(28) Journal, New Water-Works 
Assoc., Boston. 75c. 

(29) Journal, Society Arts, London, 

(30) des Travaux Publics 
Brussels, Belgium. 

(31) del’ Assoc. des Ing. Sortis 
des Gand, Brus- 
seis, Beigium. 


are references made month’s list German and Swedish 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. France 
Paris. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
Paris, France. 

(35) Nouveiles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Paris, France. 

(38) Revue Générale des Chemins Fer 
des Tramways, Paris, France. 

(39) Master Mechanic, Chicago, 


(40) Railway Age, Chicago, 

(41) Modern Machinery ,Chicago. 

(42) Transactions, Inst. Elec. 
New York City, 50c. 

(43) Ponts Chaussées, 
France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

(45) and Minerals, Scranton, Pa., 


(46) Scientific American, New York City, 
10c 


Mechanical Engineer, Manchester, 
Englan 


(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) Zeitschrift fir Bauwesen, Berlin, Ger- 


many. 

(50) Stahl und Eisen, Duesseldorf, Ger- 

(51) Deutsche Bauzeitung, Berlin, Ger- 

(52) Rigasche Riga, 


ussia. 

(53) Zeitschrift des oesterreichischen In- 
genieur und Architekten Vereines, 
Vienna, Austria. 

(54) Den Tekniske Forenings 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Teknisk Tidskrift, Stockholm, Swe- 


en. 

58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa. 

Transactions, Mining Institute 
London and 


upon-Tyne. 
(61) Proceedings, Western Railway Cluo, 
225 Dearborn St., Chicago, 25c. 
(62) American Manufacturer and Iron 
World, Ninth St., Pittsburg, Pa. 
London, England. 
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LIST ARTICLES. 
Bridge. 


Notes Pile-Driving. Hough. (1) Sept. 
Proposed Specifications for Steel Railroad Bridges.* (4) Oct. 
Study Continuous Girders. (21) Oct. 


The Modified Design for the Memorial Bridge over the Potomac River 
(14) Oct. 13. 


Reinforcing the Niagara Cantilever.* (14) Serial beginning Oct. 13, ending Oct. 20. 

Concrete Masonry the Janesville Southeastern.* (18) Oct. 

Suspension Bridge Span.* (14) Oct. 20. 

Old Girders.* (12) Oct. 26. 

Erecting Three Notable Bridges. (14) Oct. 27. 

Pneumatic Field Riveting Railway Bridge Work. 

Temporary Foot Bridge for Placing the Cables the New East River Bridge.* (14) 
Oct. 27. 

Improvement Bridge Construction. (3) Nov. 

Bridge Removal.* (14) Nov. 

The Ferry Bridge Bizerta.* (19) Nov. 

The Strengthening Two Important Bridges.* (40) Nov. 

Widening Stone Arch Bridge.* (18) Nov. 10. 

The New Chain Bridge Budapest.* (14) Nov. 10. 

Montages des Ponts Charpentes.* Michel Schmidt. (32) Sept. 

Electrical. 


‘The Pacific Cable. (26) Sept. 14. 


Electrical Power Transmission Smelting Works.* (26) 
the Glasgow Corporation.* (26) Serial beginning Sept. 
Oct. 


Law the Calculation Drop Constant Current Circuits. Prof. 
Albert Ganz. (8) Oct 


Standard Resistances Electrical Measurement.* Wallace Hill. (8) 
ct. 


The City and South London Electric Railway.* (12) Oct. 

The Paderno Electric Power Station.* (26) 

Progressin Lighting Alternating Current Lamps. Hillman. (26) Oct. 

Electric Furnaces. (2y) Oct. 

The Electric Automobile from Commercial Point View.* Robert Fliess. (27) 
Seriai beginning Oct. ending Oct. 27. 

Electrical Machinery. (47) Oct. 

Systems and Apparatus for Light and Power Distribution. Steinmetz. (24) 
beginning Oct. ending Oct. 15. 

Some Interesting Faults met with Cable Manufacture. Wright. 

Polyphase Railway Apparatus and Methods.* Louis Bell. (17) Oct. 13. 

The Designing Large Tramway Generators. Horace Parshall. (17) Oct. 13. 

The Electric Railway Motor. John Lundie. (17) Oct. 13. 

Telephone Toll Line Switchboards.* (27) Oct. 13. 

Continuous Current Transformer.* Davies. (26) 

et. 19, 

The Telegraph: Further Developments.* Chas. Garland. 
Oct. 19, ending Oct. 26. 

The Traction Power Plant the Paris Exposition.* (27) Oct. 20. 

Electric Traveling Crane Designed Especially for Handling Ingots.* (62) Oct. 25. 

Why Electric Car Wheels Slip. Eugene 


(26) Oct. 26. 
Notes the Testing Modern Dielectrics High Voltages. 


Wright. (26) Oct. 26. 

The Electric Fire Automobiles the Paris Fire Department.* (46) Oct. 27. 

Electricity the Printing Office.* W.H.Tapley. (10) Nov. 

Wiring Mines. (45) Nov. 

Plant Operated Gas. (62) Nov. 

Electric Power the Patent Shaft and Axletree Company’s Works. Nov. 

Electrical Development Schemes India.* (26) Nov. 

Electric Machines the Exposition 1900.* (19) Nov. 

The Muskegon, Mich., Independent Telephone Exchange.* (27) Nov. 

new System for Measured Telephone Service.* Nov. 

The Independent Telephone System Pittsburg, Pa., the Pittsburg Allegheny 
Company.* Kempster Miller. (27) Nov. 


Electrolysis Reading, Pa.* Inst. (14) Nov. 10. 

Electrical Lead-Mining Plant Missouri.* (26) Nov. 10. 

1900.* PaulSarrey. (36) Oct. 10. 

des Voitures Chemin Fer.* (36) Oct. 25. 

Marine. 

German Merchant Marine the Paris Exhibition.* (11) Oct. 12. 

Essex.* (12) Oct. 12. 

Launch the Monitor Wyoming.* (46) Oct. 13. 


The Radius and the Most Economical Speed Steam Vessels. (13) Oct. 18. 
Battleships Removed from the Effective List.* (12) Oct. 19. 


Oct. 12. 


(26) Serial 
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Marine—(Continued.) 


Reconstruction Concrete Dry Dock No. New York Navy Yard.* (46) Oct. 20. 

Dry-Dock the San Francisco Dry-Dock Co., Hunter’s Point, Cal.* 
13) Oct. 25. 

Life-Saving Appliances the Paris Exhibition. (12) 26. 

The Uraga Docks, Japan.* (12) Nov. 

The Twin-Screw Steam Yacht Arrow.* (19) Nov, 

Atlantic Steamships—Present and Future.* (46) Nov. 10. 

Japonais.* Daniel Bellet. (36) Oct. 25. 


Mechanical. 


Helve Hammers vs. Steam Hammers. (39) Oct. 

New Tool Steel with Remarkable Cutting Properties. (39) Oct. 

The Bilgram Machine for Cutting Gear Teeth.* (20) Oct. 11. 

Some Notes Fuel Gases. (12) Oct. 12. 

Temperley Transporter the Viscaya Works, Bilbao.* (22) Oct. 

Remarkable Test Wooden-Rim Pulley.* (14) Oct. 13. 

Tool Steels. (18) Oct. 13. 

Culm Banks and Alton Adams. (46) Oct. 13. 

Trials Steam Engines with and without Jackets. (47) Oct. 

Separate Gas Producers for the Heating Retort Benches.* (24) Oct. 15. 

New Moving (13) Oct. 18. 

Heat and Power from the Waste Gases Blast Furnaces.* Gordon. (20) Oct. 18. 

Heavy Motor Car Trials Paris. (12) Oct. 19. 

Engineering Exhibits Paris.* (22) Serial beginning Oct. 19, ending 


Lubrication Rolling Mills. (22) Oct. 19. 

The Mechanical Handling Coal, Ore and Pig-Iron.* (22) Oct. 19. 

The Incandescent Gas Mantle and Its Uses. Vivian Lewes. (29) Oct. 19. 

Theisen’s Centrifugal Gas-Purifying Process.* (22) Oct. 26. 

Glass Revealer for Studying Condensation Steam Cylinders.* 
ct. 26. 

The Production Cyanides Gas Works. Dr. Bueb. (16) Oct. 27. 

Blast Furnace Gas Motor.* (19) Oct. 27. 

Heating and Lighting Power Fairley. (24) Oct. 29. 

The Application Water-Tube Steam Generators for Naval Service.* Thwaite. 


ov. 
Abatement: The Radical Solution the Problem.* William Bryan, Am. 
Soc. (10) Nov. 
Continental Steam Engine Practice: Some British Observations the Paris Exhibition.* 
Wansbrough. (10) Nov. 

Foreign Machine Tools the Paris Exhibition. Joseph Horner. (10) Nov. 

Compressed Air Locomotive.* (45) Nov. 

Should Gas Engine Compounded?* Roberts. (41) Nov. 

Large Gas Engine and Electric Power Plant.* (20) Nov. 

The Secor Internal Combustion Engine.* (20) Nov. 

Machine Tools.* (11) Nov. 

New Blowing Engines Tees-side.* (22) Nov. 

New Form Calorimeter for Measuring the Wetness Steam.* Prof. John Good- 

Fuel Oil Burner.* (47) Nov. 

Inclined Retorts. Barret. (24) Nov. 

Gas Engines. (24) Nov. 

Commodore Isherwood New Theory the Steam Engine. (14) Nov. 10. 

Essais Préliminaires Navigation Aérienne Long Cours.* Léo Dex. (36) Serial 
beginning May 10, ending Sept. 10. 

Chaudiére Aquitubulaire Systéme Joya.* (36) Oct. 10. 

Exposition 1900: Machines Vapeur Grande Vitesse, Systéme Mertz.* (33) 


Metallurgical. 


The Manufacture Steel the Basic Open-Hearth. Thomas Turner. (47) Sept. 

Applications Petroleum Metallurgy and the Glass Industry.* (19) Oct. 20. 

New Bessemer Plant the Republic Iron and Steel Company.* (22) Oct. 26. 

The Chemistry and Physics Cast Iron.* (3) Nov. 

ov. 

for Foundry Materials. Scott. (20) Nov. 

Burning Mending Castings. Edward Gilmore. (62) Nov. 

Machine Molding. I.L. (20) Nov. 

The Dominion Iron Steel Company, Limited.* (20) 


Military. 

War Material the Paris Exhibition.* (12) Serialjbeginning Aug. 31, ending Oct. 

Armor Plate Trials.* (12) Oct. 

Maximite: New High Explosive for Armor-Piercing Projectiles.* (13) Nov. 

Canons Tir Rapide Bord, Champagne, Place. Canet. Sept. 

Progrés Réalisés dans Fabrication des Blindages depuis Delmas. (32) 
Sept. 
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Mining. 


Indian Colliery and Its Miners. Henry Cadell. (59) Pt. 


Ordinary Miner’s Boring-Machine Adapted for Boring against Wastes.* Robert 
Martin. (59) 


Mining Practice Butte, Montana, Copper Mines.* Brinsmade. (45) Serial be- 
ginning Oct., ending Nov. 

Tong Colliery, Kaiping, North China.* Thomas Webster (22) Oct. 

Compressed-Air Haulage Coal Mining. Bowden. (15) Oct. 12. 

Preventing Falls Roof Mines.* (16) Oct. 13. 

Contractions Area Passages Mine Ventilation.* Paul Petit. (16) 

ct. 13. 

How Mines Should Examined?* Packer. (16) Oct. 20. 

Tapered vs. Non-Tapered Props.* Bridges. (22) Oct. 26. 

Coal Mines Streator.* (45) Nov. 

The Down Mines Leadville.* Prof. Arthur Lakes. (45) Nov. 

Galerie des Mines Gardanne Mer.* (36) Sept. 25. 

Mécanique Houille aux Etats-Unis. Gennes. (32) Sept. 


Municipal. 


Bacterial Studies the Healthfulness Street Pavements Lafayette, Ind.* Daniel 
Luten and Severance Burrage. (13) Oct. 13. 


Road Maintenance Kent, England. Ruck. (14) Oct. 13. 

Concrete and Steel Sidewalk.* (13) Nov. 

Oiled Roads and Their White. (14) Nov. 10. 

The Repair Broken 36-Inch Outlet Pipe from Gasholder.* (24) Nov. 12. 


Railroad. 


Some Notes Rail Joint Fastenings.* Serial beginning July 27, 
ending Oct. 26. 


Low-Pressure Pneumatic System Working Points and Signals.* (21) Serial begin- 
ning August, ending Oct. 

The Friction Brake Shoes under Various Conditions Pressure, Speed and Tempera- 
ture. Prof. (61) Sept. 

Transition Curves. J.H. Lary. (4) Oct. 

Hibbard’s Triple Valve.* (21) Oct. 

Tank Engines for ft. in. Gauge (21) Oct. 

Method Cost Keeping. David Van Alstine. (39) Oct. 

The Uganda Railwa 


(12) Serial beginning Oct. ending Oct. 26. 
New Form Rack Rail for Mountain Railways.* (13) Oct. 11. 


Notes Maintenance Way Engineering: Setting Track Centers. (15) Oct. 12. 


Twelve-Wheel Wide Fire-Box Freight Locomotive—Buffalo, Rochester Pittsburgh 
Ry.* (15) Oct. 12. 


Metal Cars. (15) Oct. 12. 
Eyes and Headlights. (15) Oct. 12. 


Widening Banks and Ballasting the Kansas City Southern Railway.* (40) Oct. 12. 

the Paris Exposition: British Locomotives Exhibited Four Great English Railway 
Companies.* (40) Oct. 12. 

Cars and Car Service Metropolitan New York.* H.H. Vreeland. (17) Oct. 13. 

The Standard Cars the Metropolitan Street Railway Company New York.* 
Thomas Millen. (17) Oct. 13. 

French High Speed Locomotive.* (18) Oct. 13. 

The Guayaquil Quito Railway. John Bayliss. (18) Oct. 

Highway Grade Crossing Alarms. J.S. Evans. (18) Oct. 13. 

The Street Railway Situation the Two Kansas Cities.* (17) Oct. 18. 

Electric Railway Practice France.* A.N.Connett. (17) Oct. 13. 

The Street Railways Rio Janeiro.* (17) Oct. 13. 

The Berlin Electric Elevated Road.* (17) 13. 

Interlocking System Grade Crossings.* (17) Oct. 13. 

The Fastest Trains the World 1899. (19) Oct. 13. 


Committee Reports the St. Louis Meeting the Association Railway Superinten- 
dents Bridges and Buildings. (13) Oct. 18. 


High-Speed Locomotive for International Express Service; Schneider Co. Exhibit, 
Paris Exposition.* (13) Oct. 18. 
the Paris 


xposition: Locomotives Exhibited the Italian and Russian Sections.* 
(40) Oct. 19. 


Snow and Snow Plows. Richard Danforth. (17) Oct. 20. 

Geared Locomotive for the McCloud River Railroad.* (19) Oct. 20. 

The Preservation Ties the Southern Pacific Ry. (13) Oct. 25. 

Passenger Locomotive with Superheater; Prussian State Railways.* (13) Oct. 25. 
Concrete Masonry Railroads. (18) Serial beginning Oct. 27, ending Nov. 

Recent Street Glasgow.* Stewart. (19) Oct. 27. 


The Locomotive Exhibit the Paris Exhibition.* Charles Rous-Marten. (9) Nov. 
The Development Electric Railways Italy.* Nov. 


Express Locomotive with Auxiliary Driving Axle.* (21) Nov. 
Superheaters and Steam Jackets for Locomotives.* (25) Nov. 


Performance Type Locomotives—Chicago and Northwestern Rail- 
way.* (25) Nov. 
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Railroad—(Continued). 


What Motive Power Officers Consider Important. (25) Nov. 

Track Tank Water Scoop, for High Speed Locomotives, Lake Shore Michigan Southern 
Railway.* (25) Nov. 

Large Locomotive Fireboxes; Their Influence Combustion. Bement. (25) Nov. 

Liquid Fuelfor Locomotives. (15) Nov. 

Piston Valves.* Wilson Worsdell. (15) Nov. 

The Working Suburban Passenger Traffic. H.G. Drury. (15) Nov. 

The Rebuilding the Union Pacific. (40) Nov. 

Wrecking Outfit, Pennsylvania Lines West.* (18) Nov. 

Locomotive Terminal the French Eastern Railway Noisy-le-Sec.* (18) Nov. 

Reorganization Department, Southern Ry.* (18) Nov. 

Selecting Locations for Automatic Signals. Rosenberg. (13) Nov. 

Notes Steam Shovels. (15) Nov. 

The Relative Advantages Narrow and Standard Gages for Electric Roads. Gun- 
derloch. (17) Nov. 10. 

The Falk Cast-Welded Joint. (17) Nov. 10. 

Locomotive Grande Vitesse, Systéme Thuile.* Prévost. (32) Sept. 

Chemins Fer Paris Lyon Méditerranée: Notice sur les Objets Exposés par 

Chemin Fer Métropolitain Paris.* Raymond Godfernaux. (38) Sept. 

Les Traverses d’Acier Chemin Fer Sumatra. (36) Sept. 25. 

Compagnie des Chemins Fer Notice sur Matériel, les les Des 
sins Présentés par Service Matériel Traction Universelle- 
1900.* (38) Oct. 

Excavateur Fouille.* (33) Oct. 

Les Locomotives Russes Pierre Mériel. (36) Oct. 25. 


Sanitary. 
The Disposal House Refuse Bradford. McTaggart. (26) Sept. 14. 


The Unsuccessful Sewage Purification Plant Madison, Wis. (13) Oct. 11. 


Structural. 
Tests Concrete for Elastic Properties and Ultimate Strength. Henby. (1) 


Sept. 

Monier Constructions.* Lee (4) Oct. 

Some Defects Buildings. Ludlow. (8) Oct. 

The Strength Wrought (47) Oct. 

Broadway Chambers the Paris Exposition.* (46) Oct. 13. 

The Chimney the Metropolitan Street Railway Company’s Power-House, New York.* 
William Wailace Christie. Oct. 19. 

Testing Foundations Under Difficult Conditions. (14) Oct. 20. 

Foundations the Electrical Palace the Paris Exposition.* (14) Oct. 27. 

The Mechanical Plant Large Apartment House.* (14) Oct. 27. 

American Section, Association for Testing Materials. 

The Building, New York.* (14) Nov. 

Portland Cement: Sketch Materials and Process. Newberry. (14) Nov. 10. 

Charpente Métallique Nouvel Hippodrome Paris.* Léon Griveaud. (35) Serial 
beginning Sept., ending Oct. 

Caserne Municipale Sapeurs-Pompiers, Rue Carpeaux, Montmartre 
Rivoalen. (35) Oct. 


The Survey the United States and Mexican Boundary. (13) Oct. 11. 


Water Supply. 


Comparative Study the Methods Used for the Measurement the Turbidity 
Water. George Whipple and Daniel Jackson. (7) Sept. 

Few Notes Cast-Iron Pipe.* (28) Sept. 

Cement-Lined Service Pipes. Fayette Forbes. (28) Sept. 

The Construction the Fells Reservoir for the Metropolitan Water-Works.* John 
Howard. (28) Sept. 

The Ozonization Water. George (28) Sept. 

Water-Works Statistics for the years 1897, 1898 and 1899, Form Adopted the New 
England Water-Works Association; compiled Joseph Beals. (28) Sept. 

Wooden Joints Cast-Iron Water Mains. William Murdoch. (28) Sept. 


§ 
Garbage Works, Syracuse, Y.* (13) Oct. 11. 
Large Residence Apparatus.* (14) Oct. 13. 
Refuse Destructor Llandudno, Wales.* (17) Oct. 13. 
Ridgeway’s Automatic Sewage Distributor.* Oct. 13. 
Plumbing the Cornell Medical College.* Oct. 20. 
Converting Portions the Los Angeles Outfall Sewer into Tank. (13) Nov. 
Heating and Ventilation Small School-house.* (14) Nov. 10. 
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Water Supply—(Continued). 


Performance the Twelve-Million-Gallon Allis Pumping Engine Hackensack, J., 
and Comparative Data from Tests the Best Three Contemporary Pumping 
Engines. Prof. James Denton. (8) Oct. 


The Condition Water and Power Development Southern California.* Sherman, 
(4) Oct. 


Dimensions Rectangular Filter Beds.* John Gregory, Jun. Am. Soc. 


(13) Oct. 11. 
Successful Water Purification: Method Softening Water the Empire Portland 
Cement Co. Plant, Warners, Y.* (62) Oct. 11. 


Irrigation India. (29) Oct. 12. 

The Birmingham Welsh Water Scheme.* (12) Oct. 12. 

Rendering the Water the Seine Wholesome.* (19) Oct. 13. 

The Chestnut Hill Pumping Stations the Metropolitan Water-Works, Boston.* Alfred 
Flinn, Assoc. Am. Soc. (14) Serial beginning Oct. 13, ending Oct. 27. 

Pumping Engines for the Coolgardie Pipe 


ine.* (13) Oct. 18. 
Lifting Water Compressed Air.* Clark Howell. (20) Oct. 25. 


The Recent Water Famine Paris; Water Waste and Purification. (13) Oct. 25. 
The Orange Water-Works Extension. (14) Oct. 27. 


Standard Methods Water Analysis. (13) Nov. 

Diagram Giving Discharge Pipes Kutter’s Formula.* John Gregory, Jun. Am. 
Soc. (14) Nov. 

The Pollution Water (14) Nov. 

The St. Lawrence Power Plant Massena.* (14) 


Another Great Hydraulic Power Plant: The St. Lawrence Power Company’s Undertak- 
ing.* (20) Nov. 


Waterways. 


Hoogli River—Proposed Deep Water Approach Calcutta.* Lindon Bates. (4) 


Electrical Dredge for the Volga River, Russia.* (46) Oct. 13. 

Jetty Construction Bilbao and Zeebrugge.* (12) Nov. 

Timber Steamship Pier and Shed.* (14) Nov. 

Reconstruction d’un Mur Quai Canal Kiel.* (35) Oct. 

Canal Elbe Trave.* Georges Henry. (33) Oct. 13. 

Les Ports Tunisiens.* (36) Oct. 25. 

L’Elévation Mécanique Bief Bief des Eaux Alimentation Canal Bourgogne. 
Ed. Watteeuw Bouckaert. (31) Pt. 1900. 


Redressement Aval van Mierlo. (31) Pt. 1900. 
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NEW BOOKS THE MONTH. 


Unless otherwise specified, books this list have been donated the Library 
the Publisher. 


TEXT-BOOK THE MECHANICS MATERIALS, 


And Beams, Columns and Shafts. Mansfield Merriman. Ninth 
Edition, Revised. Cloth, pp. New York, John Wiley 
Sons, 1900. $4.00. (Donated the Author.) 


The preface states that this work designed for the use classes technical 
schools and colleges. Extended tables the results tests different kinds and 
qualities materials are not given. The attempt, however, has been made state 
average values the quantities which express the strength and elasticity what may 
called the six principal materials. The headings chapters are: Resistance and 
Elasticity Materials; Pipes, Cylinders and Riveted Joints; Cantilever Beams and 
Simple Beams; Restrained Beams and Beams; Columns Struts; Torsion 
and Shafts; Combined Stresses; The Strength Materials: The Resilience Materials; 
Tension and Compression; Flexure Beams; Shear and Torsion; Apparent Stresses and 
True Stresses; Stresses Guns; Plates, Spheres and Columns; Appendix. 


TREATISE HYDRAULICS. 


Mansfield Merriman. Seventh Edition, Revised. Cloth, 
ins., 427 pp., illus. New York, John Wiley Sons, 1900. $4.00. 
(Donated the Author.) 


this edition, the author calls attention the recent experiments Marx, Wing, 
and Hoskins steel and wooden pipes, and those Bazin flow over dams. 
The Contents are: Introduction; Hydrostatics; Theoretical Hydraulics; Flow Through 
Orifices; Flow Over Weirs; Flow Through Tubes; Flow Pipes; Flow Conduits and 
Canals; Flow Rivers; Measurement Water-Power; Dynamic Pressure Flowing 
Water; Naval Hydromechanics; Water-Wheels; Turbines. 


DONATIONS THE LIBRARY. 
From Oct. 1900, Nov. 1900. 


Am. Water-Works Assoc. vol. Royal Soc. Canada. bound vol. 
Atlantic City Board Water Commrs. Schreiber, Collingwood. 
pam. Sims, A.V. 
Chamber Mines Victoria. pam. Smiley, Albert 
Colo. Agricultural Exper. pam. Smithsonian Inst. vol. 
Ville International Navige- Cientifica Argentina. vol. 


Exploration Co., Ltd. 2pam. Thurston, 
FitzGerald, Desmond. Census Office. pam. 


Hering, Rudolph. bound vol. Corps Engrs. specif. 

bound vol. U.S. Interior bound vol. 

Madras Pub. Works Dept. vol. U.S. ommerce Comm. bound 
Mansfield. bound vol. vol. 


State Univ. bound vol., pam. Wiley, John Sons. vol. 


yund 
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ADDITIONS. 
MEMBERS. 
Date 
Chf. Eng., Burlington Route, St. Joseph, Mo.,........... Nov. 1900 


GRANT, 


Waddell and Hedrick, Cons. Engrs., 664 Assoc. 
raltar Bldg., Kansas City, ...... ..... 
CALVIN WHEELER, 


Eng. Sewers, Rapid Transit Commission, Astor 
Place, New York City 
Lams, 


June 1897 
Nov. 


1900 


1900 


Gen. Man., Virginia Copper Co., Ltd., May 1891 


June 1900 


Cons. Eng., William St., New York City.. Nov. 1900 
Epwarp 
Asst. Eng., 9th Light House District, Milwaukee, Wis... Oct. 1900 
ASSOCIATE MEMBERS. 
Asst. Eng., Dept. Highways, 114 West 137th St., New 
Francis Henry, 
Firm, Mackin Dillon, Civ. and Contrs., Saltillo, 
Gavin Jun. May 1897 
Eng. and Supt. Water-Works, Nyack, Assoc. Nov. 1900 
Supt., Bed Rock Dredging Co., Centerville, Idaho....... Oct. 1900 
McCrea, ALEXANDER, 
Eng., W., Eastern Div. Penna. Lines, Nov. 1898 
Federal St., Allegheny, Pa............. Assoc. Nov. 1900 
Van Norman, 
Prof., Civ. Eng., Imperial Ry. School, Nanyang College, 
Henry 


Cons. Eng., Associated with Fred. Jun. 
ham, Broadway, New York City 


Cons. Eng., 35-37 Nassau St., New York City...... 


April 30, 1895 


1900 
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ASSOCIATE. 
ALEXANDER Ross, 
Capt., A., Retired, Sec’y Seamless Metal Ware Co., 
JUNIORS. 


Arn, 
Asst. Eng., Louisville and Nashville R., Montgomery, 
CaMERON, JOHN 
Prin. Asst, Eng., Louisville, Evansville and St. Louis 
Consolidated Ry., Princeton, Oct. 1900 
TuRNER, 
Asst. Eng., New York Div., Erie R., Ridgewood, 1900 
Harrison, 
Eng., Ohio State Board Health, 694 Neil Ave., Colum- 


CHANGES ADDRESS. 


MEMBERS. 
State St., Room 46, Albany, 
Baxer, Kirkwood, Mo. 
Chf. Eng., Chicago Alton Ry., 922 
Monadnock Bldg., Chicago, 
RoBERT Cons. Eng., 149 Broadway, New York 
City. 
Dorr, 213 Savin Hill Ave., Dorchester, Mass. 
IDE Man., Portland Ry. Co., First and 
Washington Sts., Portland, Ore. 
ARTHUR GRAHAM........... Victoria St., W., London, Eng. 
100 William St., New York City. 
Poplar St. Depot, Ill. Central R., 
Memphis, Tenn. 
1607 Bluff St., Pittsburg, Pa. 
JOHNSON, FRANCIS Bloemfontein, Orange River Colony, 
South Africa. 
Jupson, VOORHEES.......... Capt., Corps Engrs., A., 
Eng. Office, Montgomery, Ala. 
..... 1110 Betz Bldg., Philadelphia, Pa. 
Baltimore Ave., Lansdowne, Pa. 
112 Tennessee St., Lawrence, Kans. 


Mason, Sampson Casey, Island Co., Mich. 


j 


q 


Affairs.] MEMBERSHIP—CHANGES ADDRESS. 


Henry Quimby Eng. Co., 915 Ridge Ave., 
Philadelphia, Pa. 
Eng., Santa and Arizona South- 
ern Ry.; Res., 1941 Lovelace 
Los Angeles, Cal. 
4102 Locust St., Philadelphia, Pa. 
Prescott St., Clinton, Mass. 


ASSOCIATE MEMBERS. 


JOSEPH correo 68, Mendoza, Argentine 

CLARENCE LINCOLN.......... With Moline Plow Co., 316 Seventeenth 
St., Moline, 


THompson .........Asst. Eng., Sewerage and Water Board, 


602 Carondelet St., New Orleans, 


La. 

Evans, 602 Bedford Ave., Brooklyn, 

THOMAS 505 West 142d St., New York City. 

GUDMUNDSSON, Care Laub, Murtland Bldg., Pitts- 
burg, Pa. 

Lez, Water Commission, Middle- 
town, 

ELMER JAMES......... Prin. Asst. Eng., Chicago Transfer and 


Clearing Co., 355 Dearborn St., 
Chicago, 


Macy Milk St., Boston, Mass. 
Manila, 
Station, San Francisco, Cal. 
2521 Kenmore Ave., Chicago, 
Trask, Douglas Bldg., Los Angeles, Cal. 
156 Fifth Ave., New York City. 
ASSOCIATES. 


BALDWIN.......... Melrose, Rensselaer Co., 


Cherry St., Seattle, Wash. 
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JUNIORS. 
Forp, Eng., Isthmian Canal Comm., 
Corcoran Bldg., Washington, 
ALEXANDER..... .... 1892 Madison Ave., Memphis, Tenn. 
Macuen, 231 West 96th St., New York City. 
THADDEUS. 218 West St., New York City. 
JOHN FRANCIS...... .....Asst. Eng., Sewerage and Water Board, 
602 Carondelet St., New Orleans, La. 
JOSEPH SPRINGER..... Throop Ave., Brooklyn, 
FELLOW. 
Harry 264 West 69th St., New York City. 
RESIGNATIONS. 
ASSOCIATE MEMBER. 
JUNIOR. 
DEATHS. 
Elected Member Sept. 18th, 1872; died 
Sept. 28th, 1900. 
Associate Feb. 4th, 1880; died 


Sept. 28th, 1900. 
...Elected Junior Oct. 2d, 1889; died Sept. 
21st, 1900. 
ARTHUR Elected Member June 6th, 1894; died 
Oct. 10th, 1900. 


4 
4 
7 
“a 
| 
| 
4 
7 
7 
‘ 
q 


Vol. XXVI. NOVEMBER, 1900. 


No. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852, 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 


Papers presented: PAGE. 
Direct Method Spacing Rivets and Finding the Position, Etc., Stiff- 
eners Plate Girders. 


1044 

Some Peculiar Railroad Bridge Accidents. 

The Kinzua Viaduct the Erie Railroad Company. 

Discussions Papers which have been presented 

Canals Between the Lakes and New York. 
The Practical Column Under Central Eccentric Loads. 


The Theory and Practice Precise Spirit Leveling. 


q 
q 
7 ¥ 
q 
7 
4 
{ je 
| 
| 
7 
t 
q 
q 
| 
| 


Vol. NOVEMBER, 1900. No. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


DIRECT METHOD SPACING RIVETS AND 
FINDING THE POSITION, ETC., STIF- 
PLATE GIRDERS. 


PRESENTED DECEMBER 1900. 


Although the scope and importance this paper are not 
nature requiring phrases mottoes introduce it, the writer cannot 
refrain from stating few words the reasons actuating him 
writing and constructing the accompanying diagrams and tables. 

Even one knows heart some the more important formulas 
applied structural mechanics, the following axiom will govern their 
general usefulness 

formulas, however short, are almost value hurried 
daily practice, where quick and accurate results are expected, unless 
presented the shape tables.” 

These, again, are serviceable only when such profusion, and 
extended into final results, that, after having been consulted once, 
further computations need performed. They must, also, mect 
current demands regarding the information they are expected 
furnish for all the ordinary problems coming under their headings. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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The writer, and doubt many others with him, when making 
structural computations, not having his disposal labor-saving de- 
vices, the shape suitable diagrams and tables, and when not 
wishing depend results rules thumb, has found the fore- 
going axiom vexatiously true. 

Having had compute plate girders quite frequently, and having 
found the figuring rivet spacing, buckling values webs, location 
stiffeners, formulas, slow, time-consuming operation, the 
writer determined make short cut for solving such problems, and 
hopes that the burdens those who have compute plate girders 
will lessened the use the method presented herewith. 

hoped that the reader will not object being reminded the 
virtues possessed the method graphical statics,” which excels 
greatly the analytic method solving problems structural me- 
chanics. furnishes once not only particular, but all possible, 
values and conditions forces and stresses acting upon structures. 
Formulas the analytic method, the contrary, furnish only one 
value Graphical statics reveals the eye the play forces 
and stresses; nothing hidden; gives object lessons instead 


abstract demonstrations. possesses, itself, complete check 


easy manner. The analytic method, true, gives absolutely 
correct results, but only theory, and for the assumed conditions. 
Such exact fulfilment assumptions and results cannot realized 
any case, the working the forces the universe any 
structure. 

All who have used both methods agree that the graphical shorter, 
more comprehensive, and full accord with assumptions and prac- 
tical conditions, The results obtained thereby are just accurate 
and true the assumed conditions which the computation 
based. 

Versatility with this method (acquired constantly using it) nec- 
essary appreciate fully its perfect qualities solving the most 
simple well the most intricate problems, statical elastic, 
applied mechanics. isto mentioned, however, that all graphical 
solutions start from analytic formulas, and can never applied 
advantage without first having had thorough training the analytic 
handling the problems applied mechanics. When problem has 
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solved, both methods should used, each the proper time, 
the analytic formulas consulted advice. 

explanation need given for the manner which the shear 
diagram for the vertical shearing stress has been made use of, will 
seen what follows, for determining the rivet spacing means 
the vertical shear ordinates, directly, although the rivets are acted 
upon horizontal force. The intensity both these stresses the 
same any point the web, and since, for the purpose mentioned, 
the magnitude only the horizontal shearing stress importance, 
notice need taken its rea] sense and direction. The position 
which the magnitude this force found the shear diagram, 
besides very convenient one for the solution the problem. 

The method set forth determine the rivet pitch and also 
that point from which on, toward the end the girders, stiffeners will 
required, graphical, and requires the plotting the shear curve 
for the particular loading the girder, which any case simple 
performance. For convenience and clearness carrying out opera- 
tions, will found best arrange the shear curve immediately 
above below the girder designed. The depth the girder 
may drawn any reasonable scale which will allow accurate meas- 
urement the rivet spacing. 

Assuming the reader familiar with the theory and the design- 
ing plate girders general, and that has, for particular case, 
decided upon the thickness the web and the size the rivet; fur- 
ther, that has determined the rivet value means rivet table, 
found any the mill handbooks (see also the diagram and 
tables the end this paper), can proceed refer the well- 

known rivet formula: 


Let shear any point the length the girder; 
depth the girder between the upper and lower pitch 
lines; 
the pitch, spacing, the rivets found; 
the rivet value; 


transforming, have then: 


that is, the depth the girder the rivet pitch, 


the total shear the rivet value. 


q 


vertical line ceab. The ordinate will 
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Referring now Fig. let B=hh the span the girder, 
and the shear curve, drawn reference 
the base line Set off vertically 
downward points and the depth 
the girder, Ah, Bh. 

Choose any section, and draw 


then represent the total shear for the 
the shear diagram set off, toward the 
right hand, the rivet value the scale 
shears. Produce the line Through 

the point the girder diagram, draw parallel intersecting 
then the distance equal the required rivet spacing 


for the shear the point the similar triangles and 
have the proportion: 


or, 


express inches, measure the length the line the 
scale which the depth the girder has been set off. 

will now proceed find the position the stiffeners, that point 
from which on, toward the abutments, stiffeners will required. 

Referring Fig. make use 
the shear diagram before. Set 
off vertically, the shear scale, above 
and below the base line the 
buckling, total shear value 
the web, whatever value the designer 
has determined use. 

The shear stress between the lines 
diagram) taken care the web. 
The shear stress beyond the line 
will have taken care stiffeners. Stiffeners will required 
therefore, toward the ends beyond the point where the line inter- 
sects the shear curve (See also the lower half the shear diagram.) 
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From the theory the plate girder, known that stiffeners, 
required all, must spaced distances equal the depth the 
girder. also known that any point the web, mentioned 
before, horizontal and vertical shearing stresses are the same 
intensity, and that therefore the spacing the rivets the stiffeners 
can found the same manner for the flange angles; consider- 
ing, however, that only that part the shearing stress above the 
line (in reference the base line the upper part, Fig. 
2), and from the point on, toward the abutments, has taken 
care the stiffeners. The same applies the lower half the 


diagram. 

Proceeding now space off from the point distances d,.... etc., 
equal the depth the girder, the ordinate dg, above the points 
represents the surplus shears coming upon the respective 


stiffeners. 

From the stiffener panel-points set off again the rivet value 
dv, produce the line for any the stiffeners, and through the 
point the girder diagram, corresponding the particular 
stiffener, draw normal line the direction the line intersect- 
ing the stiffener the point The point having been 
located distance equal the depth the girder, from the 


point means the 45° line 


the similar triangles andgdv, the same ratio 
previously found for the flange angles, will obtain, should from 
the statements previously made. 

The spacing the rivets the stiffeners, thus found, will 
usually, greater than the maximum spacing permissible rivet 
work, and should limited this accordingly. The size the 
stiffener sections may determined treating them columns 
(with flat ends). Since, however, they are riveted short intervals 
along their length, they may computed for simple compression 
ordinary cases, but they should always applied the form 
angle irons. 

The method shown for rivet spacing for particular panels, and for 
particular shearing stresses, can reversed such manner 
determine the length the panels which certain assumed rivet 
spacing, for example, 6-in., 4-in. 3-in., shall take place. 
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the girder diagram Bh, Fig. set off, from the point 
draw lines the point pole. Now, the shear diagram, 
CEF set off from the rivet value Through the point 
the shear diagram draw parallel lines 
the base line From the inter- 
section points these horizontal lines 
with the shear curve drop verticals 
the base line These ordinates will 
divide the girder into the desired panels, 
each which the respective assumed 
rivet spacing will obtain Fig. GIRDER DIAGRAM 

like manner (see Fig. can find, 
say for the end girder, the rivet 
value for certain pitch simply 
setting off the pitch say ins. 
the girder diagram, and proceeding the reverse order the opera- 
tions carried out Fig. drawing the line line 
parallel through the point intersecting the base line the 
shears then the necessary rivet value. 
Scaling this value and inspecting the rivet table, 
the thickness the web and the size the rivet 


can chosen with due regard practical con- 


siderations. 

The method set forth, far, gives all the data 
required for rivet spacing ordinary practice and 
theory. 


railroad work, the computation must include, 
besides the horizontal component due the main 


Assumed spacing 


Fie. 4. 
shear, the local vertical effect due maximum wheel load. This 


wheel load usually assumed uniformly distributed over one 
two sleeper spaces ft. 
the foregoing forces act right angles one another, their 


resultant must first ascertained before the proper rivet spacing can 
determined. 
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Let main shear, acting horizontally; 
maximum wheel load, acting vertically; 
the sleeper space, feet. 


Then shear per lineal foot, due the main shear, 


en — 
Q = “ec local shear 
k 


The resultant these two forces, taken rivets per 


Expressing the sleeper space terms the depth girder 


— 


let number rivets per lineal foot; 
the rivet value; 
the rivet pitch; 


also (ft.), and and considering that the condi- 


This formula is, will found comparison, identical with the 
original rivet formula, presented the beginning this paper, and 
will use again the basis the determination the rivet 
spacing the present case evaluating graphically under 
the root, which the aggregate resultant all the shearing forces 
acting upon the rivets section 

This readily done forming the triangle forces,” with the 
components and acting right angles one another. The 


hypothenuse this triangle will once represent the term 


foot, will 
| 
§ 
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Referring now Fig. and section let represent the shear 
curve for the rolling load, that for the uniform load, both ref- 
erence the line Then the ordinate will magnitude 
equal and will form one the 
sides the triangle forces desire 
construct. Set off the shear dia- 
gram horizontally from the point 
the maximum wheel load (in 
the scale shears). Similarly, set 
the girder diagram the tie, sleeper 


G a 
space (in the scale used for laying 
off depth girder), Draw 
the imaginary line and parallel 
another, through the point 


the shear diagram, piercing the end shear line then 
equal the magnitude the local vertical shear component. 


nterjof Span 


or, 


Now set off, horizontally, from point the shear curve this 
value draw the imaginary line (produced the dia- 
gram), then equal the magnitude the resultant referred 
before. Bring this resultant into vertical position with compass, 
using the point center for describing the are Set off, 
further, from the point horizontally, the value the adopted rivet, 
draw the imaginary line and parallel another, through 
the point the girder diagram, piercing the base line the girder 
the point then equal the required rivet spacing the 
section depending the combined action the several ‘shearing 
stresses mentioned. 

Practical Points: Web Thickness, Panel Lengths, Etc.—As stated, 
the web thickness usually proportioned for the greatest shear and 
for buckling. For this case stiffeners are required assist the 


web. If, however, the web calculated for simple shear only, for 
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intermediate condition between buckling and shear, which also 
frequently done, then the method just shown for locating the stiffeners 
used. 

The rivet value rivet depends the shearing capacity the 
particular rivet and the web thickness which bears, and the 
lesser the two values, usually that for bearing, must adopted 
determine the pitch. this pitch should found less than the 
minimum spacing permissible, larger rivet heavier web must 

resorted to. obtain, under certain circumstances, sufficient rivet 

value regards bearing, without changing either the diameter the 

rivet, which may maximum, the spacing, which may 
minimum, already, deeper web must selected. 

This depth can determined once means the diagram, 
Fig. the case just stated the known quantities are: The total 

the rivet value, consequently the direction the line 
which draw parallel line through the point intersecting the 
abutment line the girder the point then equal the 
depth the girder which sought. 

The minimum spacings for rivets are: ins. fora rivet, ins. 
for and ins. for 1-in. rivet. 

The panels which the rivet spacing changes, should change, 
the case concentrated loading, given directly. For uni- 
form load, uniform and concentrated loading combined, suitable 
panel lengths may assumed, mostly equal the depth the 
girder. The designer, with little practice, however, will able 
settle this point without difficulty. The panel lengths also can 
determined such manner obtain them certain rivet spac- 
ings, illustrated Fig. 

Stiffeners are always provided over the supports, where concen- 
trated loading occurs, even the web has been designed take the 
greatest shearing stresses for buckling. 

this shearing stress greatest the ends, taken usually 
the web thickness. Since, however, stiffeners are always 
provided the ends, the writer would recommend, for the purpose 
selecting suitable web thickness, the use the shear which obtains 
distance equal the depth the girder from the ends, even 
still greater distance. 

pitch for any panel point has been determined, con- 
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DEPTH 
GIRDER INCHES 


SCALE 


1053 


RIVET SPACING DIAGRAM 


Rivet Values having been laid off four times the 
Total the same ratio has been 
obsefved laying off and the scale 
The depth girders having been drawn scale 
20” pitch, use decimal scale parts the inch; 
c 
EXAMPLE 
RIVET VALUE LBS. 
NOTE: The full line 
ing through point'B” Total Shear 128000 - 
the limit line Bearing 18000 
spacing for Rivet Value 
the depth the SCALE per table. 
girder assumed 
plotted point falls for 128000 shear 
the right this ordinate and 
will move girder base line 
vertical line. Rivet prolong, intersect 
value being constant, ith girder depth 
equals the resul- 
FORMULA FOR 
SANDS ting rivet spacing for 
RIVET VALUE calculating, the 
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tinued the next panel point toward the center, for practical 
reasons. Theoretically, and may seen from the shear diagram 
and from the method which the pitch obtained, the distance 
from rivet rivet changes gradually, abruptly, does the 
shearing stress. realize such varying spacing rivets 
girders would very impractical and expensive 
formed automatically arranged punching machine. any 
case, the rivets are never spaced more than apart, and, case 
girders carrying floors, the spacing not exceed 
ins. 

Spacing-panels for rivets should always contain even number 
spaces. The usual spacing for rivets should preferably given 
full inches full and half inches. Quarter-inch fractions, how- 
ever, are frequently used. 

The foregoing method finding the rivet spacing web members 
plate girders has been compacted the diagrams, Figs. and 
Auxiliary tables (Tables Nos, have been added give all 
the necessary data design the web plates girders without having 
inspect books tables. 

the analytic method used, the diagrams and tables will 
advantage computing shear stresses. The necessary explanations 
how use the diagrams are noted the proper places. 
example given for finding the rivet pitch for given total shear 
128 000 for rivet web, and for 000 lbs. bearing 
square inch rivet diameter. 

may noted that the points (see lower part rivet spacing 
diagram), for particular girder, with constant web section, will all 
located vertical line, since the rivet value remains constant; 
the shearing stresses only varying along the length the girder. 
The shear diagram, for finding the shear per square inch web area 
given assumed web, can used the reverse manner, that is, 
find the necessary total web section for given assumed unit 
shear per square inch and given total shear. 

The manner doing this given indirectly the explanation 
how use the shear diagram. entering the table web areas, 
the web thickness will found with due regard the assumed 
depth the girder. 

Allusion will have made the term ‘‘depth girder.” 
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DIAGRAM FOR SHEAR PER SQ. IN. WEB AREA 
FOR TOTAL SHEARS 200000LBS. AND 
TOTAL WEB AREAS SQ.INS. 

SCALE TOTAL WEB AREAS SQ. INCHES. 


EXAMPLE. 
Total shear 128000 
USE 
SHEAR 
thé web equals 22.5 sq. ins. DIAGRAM. 
area scale, given. scale” point 
tersect shear scale off area web, and total 
per sq. in. left shear scale, the total shear. 


Connect both points with line; 
shear then draw parallel line the first 
one through point area scale, 
intersect with the scale” per 
square inch web section, left side 
total shear scale and read off result. The 
lines are best drawn with pair triangles 
with the use transparent ‘‘parallel line 
ruled tracing The two lines drawn upper 
part diagram illustrate the example given above. 
The resulting unit shear per sq. inch web section 
will 5700 similar manner find web area for 
given unit and given total shear, reversing desig- 


nation the two auxiliary lines noted diagram 
above 


per sq. in. 


| 
3 30 

& 

RY, 
A 

100 
110 
130 
3 

140 
170 


1056 SCHMITT RIVET SPACING. [Papers. 


This term has several distinct and different meanings, relative and 
specific, all which must fully understood and correctly applied. 

Generally, and ordinarily understood, the depth the girder 
that fractional part the span which constitutes its height, 
common parlance, and most cases settled upon first and deti- 
nitely after thorough eonsideration conditions, whether restric- 
tions depth and width have observed, whether the 
designer liberty choose these, according his best judgment. 
After the depth, etc., has been assumed this general way, the other 
specific depths mentioned are derived therefrom the design 
progresses, commencing with the flanges. 

If, ordinary building practice, for instance, restrictions are 
placed the depth girders, found (the result being 
inches) multiplying the span the girder (expressed feet) 
six-tenths, and adding the product the constant amount, 3ins. The 
rate depth girder length span is, this instance, one- 
twentieth plus the constant. 

heavier work the multiplier eight-tenths, equal one-fif- 
teenth rate. bridge work the proportion depth span in- 
creased from one-twelfth one-eighth, corresponding multipliers 
and 1.5, respectively. 

Having explained the first meaning the term depth 
the other meanings will now referred to. 

determining the rivet spacing the rivets connecting the web 
plate the flange angles the depth the girder the vertical dis- 
tance between the horizontal rivet lines located the vertical legs 
the top and bottom chord angles. 

the buckling value the web plate concerned, the depth 
the girder the clear distance between the inner edges the vertical 
legs the same angles. 

The fourth subdivisable meaning this term involved when 
flange stresses are computed. are determined the ordinary 
approximate method, the depth the girder taken from out out 
flange angles, cover plates have provided make the 
required flange area. none are needed, the depth equal the 
vertical distance between the centers gravity each pair upper 
and lower flange angles. 

the exact method moment resistance, or, more correctly, 
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that the section modulus, selected determine the cross-section 
plate girder, then have introduce into the computation for 
the depth (no flange plates) the distance out” angles, 
before. With flange plates, take the depth over all the plates; the 
depth will change wherever plate dropped off. 

There exists sixth condition regarding this term, frequently over- 
looked younger designers, and which mention made 
treatises applied that the depth ‘‘out out” 
flange angles, rule, greater than the depth the web 
plate over all. This allowance top and bottom, made 
avoid the projection any part the web beyond the flange angles. 
This allowance, therefore, does away with extra work, either shearing 
the web beforehand, chipping afterward, should the angles and 
web have been required flush. 

universal mill plates are specified for the web, some engineers 
obsetved every instance, most all the mills their shop 
practice. For special purposes, however, may required that the 
web shall project certain amount beyond the backs the angles 
this the exception the rule. 

webs angles plate girders, sizes ordinarily called 
for architectural building practice, not necessary, universal 
mill plates for the web are rolled dimensions from in. ft., 

conclusion, the attention the reader directed two note- 
worthy papers plate girders. The first, Bland, Am. 
E., the 1887 handbook the Pottsville Iron and Steel Com- 
pany. The second*, somewhat more extended its scope, Isami 
Hiroi, E., Professor Civil Engineering Sapporo College. 

fully complete this paper, and illustrate the graphical method 
for finding the rivet spacing plate girders, the writer has chosen for 
exemplification the problem worked out Mr. Hiroi, his booklet, 
and which, regards the determination the rivet pitch, has 
used largely the analytic method computation. Fig. will 
found all the data requisite full understanding the problem 
and the steps taken solve it, and form opinion the 


Van Nostrand’s Science Series, first edition, 1888; second, 1893, revised. 
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comprehensiveness and simplicity the writer’s method. The atten- 
tion teachers structural mechanics invited the manner 
which the polygon maximum shear for the rolling moving loads, 
has been formed, fully explained the Programme 
accompanying the diagram, for determining whether not simpler 
and more readily executed than the usual method. The difference 
rivet spacing, due assuming one the other the meanings 
the term depth girder” has also been alluded to. will seen 
thereby how easily the rivet spacing can adjusted conform 
any depth girder chosen with this method, otherwise the condi- 
tions the external forces remain the same. 

Programme Example.*—Single-track standard-gauge deck-girder, 
50-ft. span between centers bed plates, divided into panels, ft. 
each, for maximum stresses bending and shears. Depth girder, 
for stresses, Hiroi’s book* and this example, ft. ins. 
Dead load, 490 per lineal foot. load, per train diagram 
top Fig. Maximum wheel load, 000 and, for local 
shear computation, assumed distributed over sleeper space 
lbs. Web thickness, in.; rivets, in. diameter. For bearing unit 
400 lbs., web, rivet value 700 shear unit for web, 
6400 Flange angles, ins. ins. true depth for rivet 
spacing, ins. (not adopted this example). 

Construct maximum main shear diagram (curve) for rolling load, 
EF. Construct local, vertical, shear-component, due maximum 
wheel-load (see left lower corner girder diagram). Construct total 
maximum shear curve, per Fig. center span. Con- 
struct girder diagram, using scale for the depth. Produce the 
bevel-lines etc., shear diagram, for each 
panel point, and draw the rivet-spacing bevel-lines 
girder diagram, and find the rivet spacings p,, etc. Set off, 
parallel web value shear diagram, computed 
eight-tenths buckling value Table No. for 47-in. web (54 
ins. (see also page 63, Construct, per Fig. 


See Isami Hiroi, E., Van Nostrand’s Science 
Series, No. 95, Second Edition, Pages 32, 38, 39, 62, 63, 79, 81, 83, etc. 
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the stiffener-rivet bevel-lines Vs, etc., shear diagram, and 


produce the corresponding normal lines these, girder diagram, 


the rivet spacing-points stiffeners, etc. The rivet 
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TABLE No. 3.—SHEARING AND BEARING VALUES RIVETS. 


THICKNESS WEB PLATE INCHES. 
Rivet Values for Bearing. 
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SOME PECULIAR RAILROAD BRIDGE ACCIDENTS. 


PRESENTED DECEMBER 1900. 


Several years ago, while the writer was Division Engineer Main- 
tenance Way the Houston and Texas Central Railway, two 
three accidents happened the bridging under his charge, which may 
possibly some historical interest. 

The first bridge, Fig. pin-connected Pratt truss over Richland 
Creek, 128 ft. ins. span, was built the Bridge Com- 
pany, the early part 1887, and, all similar work that 
company that time, the posts and upper chords consisted the 
old closed columns, set into castings the panel points. 

The structure was the foot stiff grade, and while heavily 
loaded freight train, moving high rate speed, was passing, 
bale cotton became dislodged and was hurled against the first post, 
marked A,” Fig. with sufficient force bend ins. out line 
and knock clear the structure, thus leaving the truss with one 
its main members missing. 

the time the accident the structure was entirely covered 
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the train, weighing approximately 500 per Contrary 
all expectations and calculations the bridge carried the remainder 
the train, consisting about twenty loaded cars, across safety, 
although the main post was gone. 

That there was tremendous bending moment the upper chord 
was shown the following: quickly possible 12-in. stick 
timber, cut accurate height, was fitted between the upper and 
lower castings, and train allowed pass; soon this train had 
crossed, was found that the ends the timber badly crushed 
that was unfit for further service. piece plate iron was 
then inserted between the castings and the timber. This did good 
service and continued use until the original member had been taken 
the shops, thoroughly repaired and replaced. 

the case the Navasota River Bridge, Fig. 
157 ft. ins. span, the two posts marked and the former 
the left, and the latter the right-hand trusses, were likewise 
destroyed two bales cotton falling off the same train opposite 
directions. Again the train crossed safely, the same steps were taken, 
aud the posts were repaired and replaced. 

both cases the bridges were floored with 10-in. ties, spaced 
16-in. centers, and had rails. 

There was another interesting occurrence the Trinity River 
Bridge, very light Whipple truss, 130 ft. span, with panel lengths 
ins., built 1877 the same company. The writer regrets 
that has diagram this structure. The only idea can give 
its frailty being the statement that the floor beams were only ins. 
depth, and the track stringers 14-in. wooden beams, packed 
three under each rail. this instance part carload lumber 
fell off and struck the first post, permanently bending about ins. 
out the vertical. Several very heavy trains, both freight and pas- 
senger, with engines weighing 105 tons, passed over the bridge before 
the accident the post was discovered. 

The Richland Creek and Navasota River cases are interesting from 
the fact that has sometimes been argued that Pratt truss bridge 
would stand under these conditions, and the writer very much 
doubts would the connections were all rigid. did stand 
quite likely that the structure would disturbed good 
portion, not all, would have replaced, and this would also 
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probably apply the case the floor beam riveted the post above 
the chord. 

The American pin-connected truss has become famous, the world 
over, and why American engineers should now incline the rigid con- 
nections their foreign brethren is, say the least, remarkable. 
the case the pin-connected truss, where the load transmitted 
000 known that must enter the pin, and the pin 
designed accordingly, but the rigid connection, with, say, shear 
000 find rivets, two are thrown for good measure, making 
twelve all told; these are distributed two, three, two, andsoon. Now, 
how the 000 lbs. distributed? Does each rivet carry equal 
portion, the first five rivets take the greater part the stress, 
producing secondary stresses which will eventually destroy the use- 
fulness the structure much earlier date would the old 


the hazard being considered ancient, the writer 


has ventured the above remarks, and, while not decrying modern 
methods, inclined the opinion, that there was considerable 
inherent merit the designs our great predecessors, and that the 
design later bridges can seriously questioned; and the former 
has stood the test time, thinks that might well hesitate 
somewhat before venturing too far into new fields. 

The writer submits the foregoing matter history and show 
the remarkable performances some the old designs. regrets 
that has not the time enter into mathematical demonstration 
cause and effect. 
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THE KINZUA VIADUCT THE ERIE RAILROAD 
COMPANY. 


PRESENTED JANUARY 1901. 


The Kinzua Viaduct the Bradford Division the Erie Rail- 
road, and situated McKean County, Pa. 

The old viaduct was service for about nineteen years, and has 
now been replaced new steel structure, built under the charge 
Buchholz, Am. Soc. E., Chief Engineer the Erie 
Railroad Company, Mr. Strong being the Bridge Engineer. The 
contractors for the steel work were the Elmira Bridge Company, 
Limited, Elmira, Y.; and the contractors for the erection were 
Grattan and Buffalo, The drawings were prepared 
under the care Buchanan, Am. Soc. E., Secretary 
the Elmira Bridge Company. The writer, his capacity Engi- 
neer that company, designed the viaduct and also suggested the 
particular nature its towers, which, their construction, form 
radical departure from previous practice viaduct designing. The 
character the tower bents not new, since such forms have often 
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been used structural well mechanical engineers; but their 
application railway structure and large scale certainly 
novelty. 

The design the viaduct quite simple, that will suffice 
give brief description, but before proceeding so, may 
well state the reasons which led the writer make his sug- 
gestions. 

The original problem consisted the design towers with stiff 
members throughout, together with secondary struts and diagonals 
for the taller towers, lying longitudinal vertical plane, coincident 
with the axis the structure, and forming support for the very long 
members the wind bracing. design for the tallest tower, con- 
junction with estimate its weight, was prepared the writer, 
but the weight proved excessively great, even after many 
changes the. design had been introduced. The next step was the 
substitution lateral rods for all the longitudinal and transverse 
diagonals, but this design, too, although calling, course, for less 
weight, was soon abandoned. the early stages the design the 
writer entertained doubt that tower nearly 300 ft. height, 
and based the lines described, would never give the desired 
results, but that, the contrary, they could effected radical 
change. 

Such tall towers have far too many members conform with all 
those advantages which are sought realized structure. The 
secondary members, running very great weight, and solely 
designed crutch for the protection the wind bracing, did not 
appear the writer simple means accomplish certain purpose. 
the contrary, thought that this purpose could attained more 
simply and more directly building the wind bracing strong enough 
take care itself without the support secondary bracing, and 
likewise, thought that the tower legs, being the real supporters 
the railway, should stand out boldly, instead looking rather slender 
and more less overshadowed great mass bracings. But 
columns large size meant considerable increase the height 
the stories, fewer members quicker erection and great 
reduction field riveting. 

For these reasons the writer suggested two different forms tower 
bents, one, actually built, without transverse diagonals, and the 


ao 
w.wWwN 
at ul 
< = 


INZUA VIADUCT AND TRAVELER. 


> 


ee 
%. 
: = 


é 


Papers. GRIMM THE KINZUA VIADUCT. 1069 


other shown Fig. both which secondary bracing dis- 
pensed with. 

Estimates the weight each frame were 

made, and, although the rejected form bent 
has merits well worth full consideration, may 
dismissed since its discussion 
outside the province this paper. The follow- 
ing brief description the work: 

The great reduction the bending 
due the wind forces, and consequent reduc- 
tion the weight the towers, due the 
fact that each bent the accepted form 
practically triangle, with the principal wind 
force acting the top, the sides being rigidly 
united the apex header, ft. ins. 
deep, made two solid plates webs, the 
chords which are built angles. These 
facts, taken connection with the general appearance the frame, 
have favored the adoption this form bent. 

The viaduct, resting the old piers, 053 ft. long, and carries 
the railway twenty towers varying height from ft. about 
285 ft., from the top the masonry the base the rail, and having 
mentioned before, secondary bracing has been used, but the tallest 
towers are provided with horizontal adjustable bracings line the 
tower legs during erection. The dimensions, sizes and details all 
the towers are the same from their tops downward, other 


words, the dimensions, sizes, etc., for any tower are obtained from 
the tallest tower shortening the same from the bottom upward. 
The height the stories, taken transversely, ft., which means 
height about 100% over that which common 
viaducts, while the height the longitudinal faces ft. The 
columns have bents the top, and are composed two plates, ft. 
wide, and four 4-in. angles. They measure ft. in. transversely, 
and are laced 3-in. angle bars. Through each end the lacing 
angles, the two bottom stories the tallest towers, pass four 
rivets, while only three rivets have been used for the three top 
stories. The bottom struts are deep angle struts, latticed all four 
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sides, and the higher bents are bolted down their middle pier. 
The depths the intermediate struts are and ft., 
respectively. They have been designed box lattice girders with 
stiff web members and brackets each end, portal fashion. Each 
chord these struts composed two channels, and their ends, 
well those the headers, are shaped fork-like that the columns 
can pass between the channels the struts and the web plates the 
headers, which means substantial and very rigid connections are 
obtained. The single brackets, the legs which have average 
length ft., have solid webs, and where they connect the 
columns, the plates the latter are stiffened angles. The 
longitudinal diagonals form double system, and are built two 
latticed channels connected with plates their intersection points, 
and where these diagonals connect with the columns the latter are 
provided with two diaphragms, about ft. apart. Each tower 
longitudinal bottom struts, but other longitudinal struts, which 
make these systems complete without the tower stringers. 

The tower legs are bolted the masonry two bolts, which 
had been used the old viaduct, and which vary length from ft. 
about ft. Provision meet the effects changes temperature 
made pockets, riveted the headers, which the ends the 
intermediate spans can slide. There are all twelve freely moving 
girder ends the viaduct, which are obtained the following man- 
ner: Each end span free move, also the intermediate span be- 
tween the two smallest towers each the viaduct, and five pairs 
towers are united having their intermediate spans riveted tightly 
between them, and, likewise, two groups three towers each are 
riveted together. this way the stresses arising from the braking 
trains are reduced. The columns the three smallest towers each 
end the structure are furnished with sliding plates, while the others 
are provided with nests friction rollers. 

The fixed ends the tower legs are placed the north side the 
viaduct, the wind blows chiefly from that direction. 

The spans, Fig. are plate-girder deck-spans, ft. centers, with 
the tower spans riveted between the headers. The depth the tower 
spans ft. ins., and the length ft. ins. centers, and for the 
intermediate spans the depth ft. and the length ft. 
centers. The chords the stringers are made two 6-in. 
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angles and one coverplate ins. wide, which runs the full length, 
both top and bottom, all stringers. The spans are provided with 
stiff top and vertical bracings, but bottom bracings are omitted. 
Other dimensions and sizes, together with the principal details, are 
shown the illustrations, that will not necessary refer 
them. 

The maximum shearing force the webs the plate girders 
4000 lbs. per square inch cross-section; the maximum flange stress 
the intermediate girders equals 000 lbs. per square inch, and that 
the tower girders 600 Ibs. The maximum stress the towers 
from the supposed combinations loading does not exceed 14000 lbs. 
per square inch, while the elastic limit the steel used between 
000 and 000 Ibs. 

Under the assumed loadings the anchor bolts are never called into 
action. The shipping weight the deck spans complete 638 tons 
and that the towers tons, making the total weight the viaduct 
The structure was put into service about the middle 
September, 1900. 


The work erecting the viaduct has been carried simultane- 
ously from each end two travelers. These carried the hoisting 
machinery and spanned space 160 having old tower 
their middle. this position the old tower has been taken apart, its 
material hoisted and loaded cars run out the shore end 
the structure, whereupon new tower could assembled. The 
work removing the old viaduct and erecting the new one consumed 
four months, with force about 120 men hours day. 


SPECIFICATIONS. 


The viaduct was built under the regular Erie Railroad specifica- 
tions for bridges, with certain modifications allowable stresses, 
follows: Unit stresses for live- and dead- loads were increased 25%, 
and the flanges the girders the whole cross-section was consid- 
ered available, but the webs girders are spliced for flange stress, 
although not considered flange section. 

Where combinations wind stresses—bending and direct—with 
dead-load stresses, combinations all the above with live-load 
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angles and one coverplate ins. wide, which runs the full length, 
both top and bottom, all stringers. The spans are provided with 
stiff top and vertical bracings, but bottom bracings are omitted. 
Other dimensions and sizes, together with the principal details, are 
shown the illustrations, that will not necessary refer 
them. 

The maximum shearing force the webs the plate girders 
lbs. per square inch cross-section; the maximum flange stress 
the intermediate girders equals 000 lbs. per square inch, and that 
the tower girders 600 lbs. The maximum stress the towers 
from the supposed combinations loading does not exceed 14000 lbs. 
per square inch, while the elastic limit the steel used between 
000 and 000 Ibs. 


Under the assumed loadings the anchor bolts are never called into 
action. The shipping weight the deck spans complete 638 tons 
and that the towers 715 tons, making the weight the viaduct 
The structure was put into service about the middle 
September, 1900. 


ERECTION. 


The work erecting the viaduct has been carried simultane- 
ously from each end two travelers. These carried the hoisting 
machinery and spanned space 160 having old tower 
their middle. this position the old tower has been taken apart, its 
material hoisted and loaded cars run out the shore end 
the structure, whereupon new tower could assembled. The 
work removing the old viaduct and erecting the new one consumed 
four months, with force about 120 men hours day. 


SPECIFICATIONS. 


The viaduct was built under the regular Erie Railroad specifica- 
tions for bridges, with certain modifications allowable stresses, 
follows: Unit stresses for live- and dead- loads were increased 25%, 
and the flanges the girders the whole cross-section was consid- 
ered available, but the webs girders are spliced for flange stress, 
although not considered flange section. 

Where combinations wind stresses—bending and direct—with 
dead-load stresses, combinations all the above with live-load 
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Tower Girders 


Expansion Girders 


Sway Bracing 
2 Chan. 8x 13.7: 
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stresses, combinations dead-load stresses with live-load stresses, 


and traction stresses from the live load exist, the stresses were not 


allowed exceed the above more than per cent. 


The wind pressure for the loaded structure was considered 
100 per vertical foot bent plus Ibs. per square foot floor 


and train. That for the light structure was considered 160 Ibs. 
per vertical foot bent plus lbs. per square foot floor. 


CALCULATIONS. 


There group stresses which calls for any special mention, 
except that which due the wind forces, since these latter are re- 
sisted bending well direct stresses, and for this reason this 
group stresses alone will investigated. 

far known, the stresses frames the kind under considera- 
tion have never before been analytically discussed, and may noted 
that, order effect the problem can approached from 
different points view. The writer preferred modern analytical 
method, proceeding from the principle least work, but, before ex- 
plaining the method application this principle, some general 
remarks regard these tower bents will given. 

computing the stresses bent customary proceed from 
the supposition that acts like cantilever, fixed the bottom and 
otherwise free move; but, while the influence force that acts 
bent with articulated joints confined field extending from the 
point application the force the bottom the bent, that 
acts bent with fixed joints, matter where its point applica- 
tion, exercises influence over the entire frame. bent only one 
story, fixed the bottom and with fixed joints, will considered first. 

Such frame partakes the nature hingeless arch, and 
quite general case loading assumed, then this frame, like the 
hingeless arch, threefold statically indeterminate; that say, the 
values three unknown quantities must first found before the 
stresses can computed. For this supposed condition loading 
none the points contraflexure the center the different 
members, and those the columns are besides different horizontal 
planes. But this state things changed, have deal with 
special loadings, as, for instance, the wind forces, which are supposed 
act concentrated loads the panel points and horizontal 
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planes. this case the frame becomes singly statically indeterminate. 
The bending moments the columns are alike, and the points 
contraflexure are the same level, but not the middle these 
members, which points the fact that the 
direct stress the header equals half 
the exterior force, and with the point 
contraflexure the center the header. 
order. illustrate the foregoing 
statements pass cut through the 
center the bent, indicated Fig. 
and apply this point the unknown 
vertical force Fig. acting upward 
the left fragment and 
the right fragment the frame. 


also apply each fragment, but moment need not applied 


the center, because moment can pass that point. The problem 
now determine the value the unknown like manner 
two-story bent the direct stress the header and 
strut equal half their exterior concentrations, and their points 
are the middle, 
while the bending moments 
corresponding columns are alike 
are not themiddle. The num- 
ber unknowns two-story 
bent therefore and bent 

The problem can also stated 
consist finding the locations 


because, these locations were 
known, would only necessary resolve the resultant the 
exterior forces into the reactions, which must pass through the points 
contrafiexure, and, with the reactions known, the direct stress 
any member and the bending moment the frame 
easily computed. 


Aside from the margin safety, provided for the specifications, 
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judging solely from his previous experience with frames similar 
nature, the writer felt satisfied that this graphical method would answer 
all practical purposes. fact, planned for practical use, and only 
his desire know how much the results thus obtained would vary from 
the analytical results prompted him develop analytical treatment. 

The writer made the calculations for wind pressure Ibs. per 
square foot girders and train and 100 lbs. per vertical foot bent, 
and for five different bents, varying height regular story 
ft., excepting the top story, which has height about ft., and 
the results thus obtained answer perfectly well for the bents the 
entire structure. Considering the magnitude the stresses thus com- 
puted, approximate determination the effects wind force 
Ibs. per square foot the girders and 160 lbs. per vertical foot 
bent appeared justifiable. After these few remarks the applica- 
tion the principle least work the bents will now shown, but 
doing the reader’s familiarity with this principle must assumed, 
since demonstration its truth beyond the scope this paper. 

The bents are considered being under initial stress. Neglect 
the small alterations the lengths members and consider 
bending alone. The principle least work requires that the work 
deformation shall minimum, which expressed 


forces any point, modulus elasticity, supposed constant 
throughout the frame, and constant moment inertia 
under consideration. Now, the work deformation minimum, 
its partial derivatives, taken successively with respect the unknowns 
treated independent each other, must put each 
equal zero. The equations condition are then follows: 
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The equations are directly applicable the bents, but 
must noted that the integrations have extended over the whole 
frame, which equivalent saying that the integrals, after they 


have been computed with respect the individual members the 


frame, must all added together. The reader now referred the 


stress sheets, Figs. and and the table pages 1080 and 
1081, which the writer prepared for the sake convenience. The 
stress sheets and the table contain all the data necessary for the com- 
putations, and the use the table the different sets the equa- 
tions condition can readily written down once; but should 
remarked that each computed integral, given the table, must 
divided its corresponding moment inertia and also the 
modulus elasticity. being constant, drops out the equa- 
tions, these are all multiplied 


Returning the one-story bent and referring the stress sheets, 
the method computation now follows: 


Header 
4.765 
Column 


The equation condition becomes now: 


10750 
and its solution gives: tons. Likewise, the two equations 


condition for two-story bent are found from the table, 


10750 


The values the unknowns are: 19.27 tons and tons. 
After the unknowns have been determined, then easy 
late the bending moments every point the frame. 
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and they are tension the windward and compression the leeward 
side the bent, being the angle formed the axis the tower leg 
and the vertical. The shear the columns principally and effect- 
ively resisted the lacing angles. 
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‘Inter. Cross Frames, 


Max. Stress 155 000 
Min. « 24 700 
‘Max. Shear 81 550 
Min. « 11 550 
Each Flange. 
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Assumed Dead Load=1200'per lin, foot of span. 
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Inter. Cross Frames, 


Max. Stress 243 000 
‘Min. 60 000 
Min. * 21 850 
‘Each Flange 

length 
19.717 


Assumed Dead Load=1400 per lin. foot of span. 


the manner just outlined the computations for the five different 
bents have been made, and, although was somewhat tedious, 
wise proved hardship. The structure the equations con- 
dition such that those for four- and five-story bent have been 
effected ordinary means, instead having recourse the theory 
determinants. 

The stress sheets show also the direct stresses and bending 
moments the highest bent from the wind forces found graphic 
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for each vertical foot of bent and 30" for each vertical foot of bent and 60" \ of the stresses from 
H ond \ the point of contraflexure at half the height of the towers, 
uare juare \ 

H \ \ The computation of wing stresses assumes the point of contraflexure 

3.90 ‘ - 58 t- at the middle of the column sections, portals and headers, 
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statics explained before, under the assumption that the points 
through which the reactions must pass, are the 
middle each member the bent. 

The forces are all given tons and the moments foot-tons. The 
algebraic sum the moments around panel point must equal zero. 
Roughly speaking, the moments the struts are about twice great 
those the columns. 

The author made special investigation, which brought out the 
fact that the moments inertia group members may 
changed much 100% without materially altering the final results. 
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“‘DL¥ +t 32.17 
‘LL=+ 63.10 
w=139,83 


LL=+63.10 
W=246.22 
2Pi—3.0 
COMBINATIONS. 
Material : Soft Steel 
Dead Load 
Live “ Live “ Dead Load 
Traction Wind Pressure 30 Ibs. per sq. ft. Wind Pressure 50 Ibs. per sq. ft. 
on floor and train, and 100 Ibs. on floor and 160 Ibs. for each 
for each vertical foot of bent. vertical foot of bent. 


The computation of stresses due to the braking of trains assumes the point of contraflexure at the middle of the towers. 
Moments are underlined and given in foot tons. All forces and stresses are given in tons. 


Wind stresses and moments given are for a wind pressure of 30 lbs. per sq. ft. Wind stresses and moments for a wind 
‘pressure of 50 Ibs. per sq. ft. on floor and 160 lbs. for each vertical foot of bent have been approximately determined, 
but are not given. 
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Discussion.* 


ARCHIBALD SCHENCK. 


ing upon discussion the general canal proposition, the writer feels 
compelled take exception some the statements Mr. Wisner’s 
valuable paper, and particularly wishes dissent from his fourth 


decline traffic the Erie Canal since 1880, and the failure 
the 14-ft. Canadian canals divert commerce from the lake and 
railroad lines, indicate that waterway less depth than required for 
the passage the best type lake freighters cannot materially 
modify the transportation rates over existing routes.” 


The decline traffic the Erie Canal due very many causes, 
the principal ones being that not any manner date, that 
the towing still being done largely horses and mules, and 
that the business has never been organized and conducted modern 
lines. has been seriously handicapped the fact that improvements 
have been undertaken and discussed which would render the old type 
and size boats obsolete; rendering inadvisable business prop- 
osition for people build new boats for canal business replace 


This discussion (of the papers, Joseph Mayer and George Wisner, Members 
Am. Soc. E., printed Proceedings for October, 1900) printed Proceedings 
order that the views expressed may brought before all members the Society for 
further discussion. 

Communications this subject received prior December 28th, 1900, will printed 


later number Proceedings, and subsequently the whole discussion will pub- 
lished Transactions. 


No. 
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those outworn, with the possibility before them larger canal Mr. Symons. 


the near future. 


That the traffic the Erie Canal has declined, true, but 
would immediately spring and grow enormous dimensions 
proper barge canal were built its place, legislative restrictions 
the capital operating transportation companies were removed, and 
the business were organized thoroughly up-to-date manner. 
must not forgotten that the Erie Canal has stood still, worse 
than still, for the last thirty years, the competing railroads have 
improved their transportation facilities enormously ways which 
unnecessary recount here. 

But the most palpable error this fourth conclusion Mr. 
Wisner his acceptance and statement the the 14-ft. 
Canadian canals divert commerce from the lake and railroad lines.” 
matter fact, the Canadian 14-ft. canal system has not yet been 
fully completed, and has not yet been used any boats drawing 
ft., and probably will not for some time. Considerable work 
remains done the canals and the St. Lawrence River before 
this transportation scheme fully completed. addition this, 
the Canadian government and private parties have only just begun 
work Port Colborne and Montreal prepare for the traffic which 
they expect through this commercial highway formed the 
Welland Canal, Lake Ontario, and the St. Lawrence River and Canals. 
According the papers, quite number boats are being projected 
and number are being built run this route soon com- 
plete, and Mr. Wisner has certainly jumped conclusion which 
manner justified the facts and present data. The 14-ft. Can- 
adian canals may determined hereafter failures, but cer- 
tainly has not been proven yet, advance their completion. 

His premises being entirely error, follows that his conclusion 
waterway less depth than required for the passage the 
best type lake freighters cannot materially modify the transporta- 
tion rates over existing routes” unfounded and unjustifiable. 
fact, even granting the premises, the conclusion means justi- 
fiable. The barge canal proposed for the Erie Canal route has 
capacity for boats four times the size those now use. say 
that they cannot materially modify transportation rates just 
absurd would say that 000-ton steamers the Lakes can- 
not materially modify rates suitable 000-ton steamers. 

aid him his contentions, Mr. Wisner willing, apparently, 
stand sponsor for the statement that the case wooden barges 
and steel barges the same size and model, the power required 
tow the wooden barges about twice that required for towing steel 
barges, and that cost for towing per ton-mile for the wooden 
barge about double that for the This, states, based 
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upon some experiments towing Captain Suppan, Chief 
the Steam Navigation Service the Danube. This alleged fact 
regard the difference the cost towing steel and wooden barges 
contrary common sense and experience that difficult 
understand how engineer standing would willing use 
argument favor anything. The only difference there could 
possibly would the skin friction the outside the boat. 
Assuming that the steel boat and the wooden boat were equally 
good condition, the difference the amounts this skin friction 
would necessarily very slight. This one the reasons why Mr. 
Wisner, his comparative tables cost transportation, insists 
upon the transportation through the barge canal being done expen- 
sive steel vessels, instead cheap wooden ones. matter fact, 
one the strongest arguments favor the barge canal, following 
the general route the Erie Canal, that business upon can 
done cheap light wooden boats, these boats would not, any 
part the route, subjected the storms which prevail times 
the Great Lakes. 

Mr. Wisner gives the rate insurance fleet barges 
operating the canal. matter fact, the prevailing rate 
for steamers and for ordinary boats, making the average insurance 
rate fleet one steamer and three plain barges less than 
less than one-third the amount stated Mr. Wisner. has also 
increased the cargo insurance some unexplained manner. 

swelling the cost the necessary boats for operating the 
canal entirely unnecessary manner, which largely increases the 
charge for insurance, interest, and deterioration, Mr. Wisner makes 
his showing favorable the ship canal. 

The steel boats estimated Mr. Wisner would able navi- 
gate the open Lakes the Cleveland steel boat fleets are doing to- 
day, and could run between the Lakes and the sea competition with 
the large steamers the proposed ship canal, and because their 
much lower cost per ton carrying capacity {about one-third), and 
lower operating expenses, could furnish transportation cheaper than 
could the large steamers. 

Mr. Wisner also predicates his findings the lake ship going 
New York and getting quick dispatch, quick, gets 
the Lake ports. Now, this cannot admitted reasonable pro- 
bability. The only way which could get quick dispatch would 
elevator and discharge its cargo and return with little 
cargo. This would mean another handling the cargo New 
York and added expense about much the total cost 
transportation barge canal. The conditions under which busi- 
ness done New York are such preclude the reasonable pro- 
bability lake ship delivering its cargo into foreign-bound ship 
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directly, except occasionally. Nearly all the foreign-bound com- Mr. Symons. 


merce New York leaves the port berth cargoes the large ocean 
liners. These ships not leave their docks, freight has 
brought them, and there not room the dock for the ocean ship 
and the lake ship, while there room for the canal’s boats and the 
necessary means transfer, such floating elevators, etc. get 
anything like the dispatch, the Port New York, which Mr. 
figures, would require very complete upheaval and reversal 
the methods doing business this great port. 

There would certainly serious delays the ordinary transaction 
business, getting rid the cargo great ship, which delays 
could only obviated going large expense extra handling 
the cargo. 

Even the port delays the barges barge canal were great 
New York the delays the ship, these delays would not 
serious, the cost per ton capacity for the barges very much less 
than the cost per ton capacity great ship, and the operating 
expenses the barges are very much less than the operating expenses 
ship, either moving port. 

There are decided reasons for believing that would more con- 
venient, and better for commerce, have nearly all the western pro- 
ducts arrive New York lots about 000 tons, place having 
them arrive lots 000 000 tons. Nearly all our exports are 
shipped berth cargoes vessels carrying diversified loads, not 
more than 15% being shipped full cargo lots. cargo 
000 tons arriving eight different loads would eight dif- 
ferent ships and transferred, the custom now, directly into the 
ship without its leaving its own berth. The advantages this 
economy and time saving are obviously very great. That some- 
times more advantageous divide large amount freight into 
several lots than carry all one, exemplified the transporta- 
tion coal water along the Atlantic seaboard. The enormous 
business transporting some 090 000 tons per year practically 
all done barges 000 000 tons, three four them being 
towed one tug. The business transporting this coal was 
formerly done single steamers and sailing vessels, but the tow 
barge system has supplanted this method almost entirely, and the 
writer cannot but regard lesson fraught with very great value 
any student the problem connecting the Great Lakes with the 
ocean water route. 

The data furnished Mr. Wisner not sufficient prove 
that the Great Lake freighters could with safety make speed 
miles per hour the canal proposed the Board Engineers 
Deep Waterways. There much said the other side. The 
fact that boats habitually pass through the short straight St. Clair 
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Mr. Symons. Flats Canal speed miles per hour not conclusive 


that would safe maintain this speed with full-sized ships 
comparatively long canal, with more less curvature, and rocky 
bottom and sides. the ship canal has upon large 
ships sufficient justify the enormous expense incurred 
building and maintaining it, must necessarily well crowded 
with boats all times, day and night, windy and stormy weather 
well quiet and pleasant weather, and under ail circumstances. 
The writer cannot conceive these ships being driven speed 
miles per hour and meeting and passing other ships without pictur- 
ing himself very great danger accidents. 

Experience demonstrates that accidents occur ships 
navigating such narrow channel, and that will necessary for 
them move slowly and with the utmost caution. Any accident 
which leads the sinking ship such narrow canal might, and 
probably would, many cases completely block the canal until the 
ship could raised and gotten out the way. During the season 
1899 there were three incidents the history transportation the 
Lakes which illustrate this danger and the serious consequences which 
are likely incurred through accident. the early part 
September, 1899, one the Great Lake boats, the Douglas Houghten, 
laden with ore, broke her steering gear, and went aground the chan- 
nel the St. Marys River. sinking she swung around across the 
channel and completely blockedit. took five days great effort 
get this vessel afloat and out the channel, and the meantime 332 
vessels were blocked and unable get by. This caused great loss 
the Lake carrying interests, probably over $500 000. 

the latter part November another blockade the St. Marys 
River Channel occurred, due collision which three vessels, two 
steamers and tow barge, were mixed and stranded, and this caused 
delay nearly four days some 167 vessels, and involved very 
great loss. 

the early part December tow barge went aground the 
channel leading the St. Clair Flats Canal, blocking the canal for 
nearly two days and delaying vessels. 

Besides these greater accidents, delaying many ships, there are con- 
stantly being reported other accidents less serious character 
these inter-lake channels, such the sinking individual vessels, col- 
lisions and damage, the stranding vessels, etc., due breaking 
steering gear, mistaken signals, boats takingasheer. Besides, there 
the likelihood accidents vessels the locks themselves, causing 
detentions and blockades. 

There getting over the fact that the home and place for large 
ships the wide free waters, and that when they enter the narrow 
waters they are subject grave dangers, and must move with extreme 
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caution. great are these dangers the narrow channels 300 Mr. Symons. 
400 ft. width connecting Lakes Erie, St. Clair, Huron and Superior 

that the shipping interests the Great Lakes are making strenuous 

efforts get the Government either widen them 600 800 ft., 

build duplicate channels, one used up-bound and one 
down-bound vessels. 

does not shut our eyes the perils great ships nar- 
row channels. spite all precautions, such accidents are likely 
happen narrow channels traversed ships 000 000 tons 
capacity. The longer the channel, the greater the likelihood acci- 
dent, and easy imagine that ship canal, from Lake Erie 
Lake Ontario, and from Lake Ontario the St. Lawrence River 
New York, such accidents, blockades and detentions would fre- 
quent occurrence, used many vessels. These would all tend 
reduce greatly the average speed attainable the canal. course, 
accidents and detentions are likely occur small canal also, but, 
owing the greater ease with which the smaller locks and boats can 
managed, the dangers here are not marked; besides, the results 
the case greater canal and larger boats. easier and 
quicker matter lighter small vessel carrying few hundred tons 
than with great freighter carrying several thousand tons. 

There another point view from which this problem must 
looked at, and which should receive very serious consideration. The 
canal, built, will built the United States cost about 
$200 000 000. built the United States the benefits should all ac- 
crue the United States, but would they? the writer’s very de- 
cided opinion that they would not. Ifa ship canal built from Lake 
Erie New York the Ontario-St. Lawrence-Champlain route 
would more apt redound the disadvantage American com- 
merce than its advantage. Such route would follow 
down the St. Lawrence until within about miles the seaport 
Montreal. would then branch off New York, which would 
reached only after traversing some 350 miles canal, lake and river, 
and when New York, commodities destined for most foreign markets 
would further away from these markets than they were when they 
left the St. Lawrence. Such canal would some benefit our 
local and strictly domestic business, but would just certainly 
detriment our inbound and outbound foreign commerce, tending 
strongly take away from New York and our other North Atlantic 
cities and build the commerce Montreal. course, reach 
Montreal, Canada would have add short section our ship canal, 
but this she would certainly do, and then would inconceivable 
that grain, lumber, iron ore, manufactured steel other articles de- 
stined for foreign markets, reaching within miles Montreal, would 
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Mr. Symons. retrace their steps through 350 miles contracted waterway back 


the Port New York. 
The same true, though somewhat less extent, regard 


the ship canal projected the route. 


the Great Lake freighters, carrying from 000 000 tons pro- 
duce, should into Lake Ontario, they could continue down the 
splendid waterway Lake Ontario and the St. Lawrence River far 
Prescott and Ogdensburg, only about 120 miles from Montreal, and 
then transfer into barges taken through the 
Canadian canals Montreal. All foreign-bound commerce would un- 
doubtedly take this course rather than the route from Oswego New 
York through 320 miles of.contracted and dangerous waterway with its 
590 ft. lockage. altogether certain, too, that this event 
Canada would soon enlarge Lawrence canals permit the 
Great Lake vessels run directly Montreal, and the resultant 
benefits, that event, would far greater Canada than the 
United States. 

Whatever canal built should located that its benefits would 
only accrue the United States, and there only one canal route be- 
tween Lake Erie and the ocean which this true, and that 
along the line the present Erie Canal. This route not available 
for ship canal, but available and well suited fora barge canal, 
and the only route which should ever considered the people 
the United States. 

The point made Mr. Wisner against the barge canal, that 
could only fully and properly utilized the organization large 
transportation companies operate boats the Lakes and canal 
with elevators Buffalo, and that these transportation companies and 
lake and rail lines would probably combine maintain rates and 
thereby destroy the benefits from such canal, not, the writer’s 
opinion, well taken. Such canal would free any number 
transportation companies, just free the Lakes themselves, and 
while such combination might made, also equally probable 
that that event other companies would organized and business 
the lowest profitable rates. The charge possible combination 
maintain rates would lie almost well against the ship canal 
advocated Mr. Wisner against the barge canal. fact, some 
respects would lie more strongly, for would take less capital 
break into barge canal combination than into ship canal combina- 
tion. 

Mr. Wisner says: 

Since 1880, when the traffic the Erie Canal reached maximum, 
the rate per ton-mile the railroads from the Lakes the seaboard 
has been nearly double that the Erie Canal, yet during that time 


the business the canal has diminished one-half, while that the 
railroads has nearly trebled,” 
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While may true that railroad freight rates are double those Mr. Symons. 


the canal, there included all kinds freight carried, and all the 
year round, not true there included only the heavy coarse 
freight ordinarily carried the canal, and during the period canal 
navigation. For many years the canal rates and railroad rates 
grain, etc., have very closely approximated each other during the 
period canal navigation, the railroad rates going the close 
this period. illustration noted that the prevailing 
rate cents per bushel, which the railroads have been charging all 
summer, has just been lifted the railroad combination cents, 
arbitrary increase take effect November Ist, about the close 
the season canal navigation. 

The writer glad that can completely agree with Mr. 
Wisner one respect, and that his belief that canal for deep 
sea ships ft. draft not advisable justifiable. The writer 
investigated this matter and reported this effect the General 
Government 1897. has not yet seen reason doubt the correct- 
ness the conclusions reached that report—that there one 
type vessel best suited for use the ocean, another the Lakes, 
and another narrow canals and waterways; that economy trans- 
portation demands that the vessel suited the waters which 
traverses, and that single type vessel has been, probably will 
be, devised, which suitable all three any two the waters 
mentioned. also cordially agrees with Mr. Wisner that the depth 
aimed for the inter-lake channels and Lake harbors should 
limited that suitable for vessels 20-ft. draft. 

Mr. Wisner and others who advocate ship canal, lay great stress 
its influence expanding the ship-building industries the 
country and restoring the Merchant Marine the United States 
foreign The writer unable see much this argument. 
Ships are going built the seashore and the Lakes just 
fast they are needed, and ships the same character will cost nearly 
the same one place another. instance this may 
mentioned that ship Canadian canal size has just been launched 
Buffalo, destined for ocean trade, while the same time the City 
Buffalo having large steel fire tug built the seacoast, the con- 
tract for the latter having been awarded after full competition. The 
mere transference industry from one section the country 
another not itself benefit for which the whole country should 
called upon pay large sum money. 

The foregoing intended answer good deal that appears 
Mr, Mayer’s interesting, but rather transcendental, paper. Some 
his theoretical deductions are based entirely erroneous data. 
For instance, bases some his theories amount tonnage 
tributary ship canal that far beyond any reasonable probability 
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any time the near future. were more familiar with the 
business transportation the Lakes would know that the total 
tonnage passing through the Detroit River and the Sault Ste. Marie 
has little relation the amount tonnage that would pass through 
ship canal from Lake Erie the sea. The Detroit River and Sault 
Ste. Marie tonnage made principally coal, ore, lumber and 
grain. Practically none the coal would apt pass through the 
ship canal, but little the ore, while possibly half the lumber and 
two-thirds the grain might conceived using the canal. Mr. 
Mayer’s estimate 000 000 tons reasonable amount tonnage 
which base his estimate far beyond reason. Even Mr. Wisner, 
strong advocate the ship canal is, only uses 000 000 tons 
his estimates. nearer the mark, for some years come, figure 
000 000 tons, with possible increase 000 000 000 000 
tons the not distant future. Withan annual cost about 000 000 
and tonnage 000 000, Mr. Mayer computes interest and main- 
tenance charge cents per ton. With the tonnage reasonably 
expected, this would increased cents, gradually diminish- 
ing perhaps cents. And must not overlooked that 
the tonnage approaches anywhere near Mr. Mayer’s 000 000, the 
alternative suggested him additional locks and facilities must 
met, which will largely increase the interest and maintenance 
charges. the Sault Ste. Marie there are now three locks: The 
American Weitzel lock, 515 ft.; the American Poe lock, 100 800 
ft., and the Canadian lock, 900 ft. The tonnage passing through 
them all something like 000 000 tons per annum. The American 
locks are now times taxed their full capacity take care the 
tonnage demanding passage, and one the strong demands 
the Lake-carrying interests that new lock, larger even than the Poe 
lock, built accommodate the traffic. understood that the 
Board Engineers Deep Waterways proposes single lock the 
line its ship canal about 600 ft., about half the size the Poe 
lock the Sault Ste. Marie, and only large enough for the passage 
one large steamer time. 

Experience the Sault would indicate that the Lake carrying 
business distributed throughout the year, such lock cannot 
expected handle much over 000 000 000 000 tons annually. 

regard the number trips which the estimated cost 
transportation based, the writer has now only this say: 

the transaction transportation business great vessels 
such ship advocated Mr. Mayer and Mr. Wisner, there 
vast difference between reasonable probability and theoretical 
possibility. The writer conceives that his estimate trips per year 
between Buffalo and New York the first, and the estimate trips 
between Chicago Duluth and New York the second. 
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Esq.* (by letter).—The writer lacks the data Mr. Randolph. 
upon which base discussion sustaining his preconceived ideas 
favor channel deeper than ft. This question passes beyond the 
problem construction and cost into the realm political economy, 
and statesmen must decide how much the Nation should expend upon 
channel designed connect the mid-continent with the World’s 
ocean highways and give the producers and consumers the Middle 
West and Northwest access the World’s markets upon terms nearly 
equal with those the Atlantic States. one thing, however, the 
writer feels sure, that any plan for connecting the Great Lakes with 
the Atlantic Coast should executed such manner admit 
progressive development meet the maximum needs deep water- 
way. and all permanent structures should constructed for 
maximum depths even though the intervening channels excavated 
the outset for the 21-ft. depth advocated Mr. Wisner. That 
concession the greater project which seems justified 
American faith America’s future. 

able paper opens two important inquiries: 

(1) Are Lake vessels for commerce rivers and canals more 
profitable ultimately than small barges and canal boats? 

(2) Should our located the sea the interior? 
There doubt that the free ocean freights can handled for 
less than mill per ton-mile for long voyages. the half-way 
Great Lakes, freight can handled for less than mill per ton- 
mile, where the voyage the longest possible—Chicago Duluth 
Buffalo. This voyage may include travel through short stretches 

canal connecting large open lakes. Owing the lack intermediate 
large basins (such are the Lakes), the proposed long canal and 
canalized river through New York State, freight rate can posi- 
tively given. actual test has been made for such long distances 
narrow canal crowded with deep-draft vessels thickly, without 
relieving basins. comparison highest speeds hardly safe 
financial operation. railway train one road can make miles 
per hour long stretches track—on another road will make 


Mr. Schenck. 


miles. does the latter road carry freight for one-fourth the 
rate the other? The consumption time and money most rail- 
ways not transit, but while waiting get into transit. 
the canal, crowded with numerous vessels, the passing opposing 
and overtaken vessels will reduce the speed one-half, often one- 
fourth, occasionally one-tenth the maximum speed. The vessel 
must run caution most the time, even when having the 
right canal; all this, apart from the mechanical difficulties 


Chief Engineer, Sanitary District Chicago. 
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cramped waterway, and with poor steering power, which are well- 
known causes retarding. The premise Mr. Mayer—tested speed 
over measured lengths—leaves out sight all the difficulties transit 
over which the railway man grows sad, even double-track 
railway, and which will exist largelyon Such difficulties and 
delays long and narrow canal would lessen his 8-mile speed 
small fraction average speed; will multiply several times 
his 0.6 mill per ton-mile, and will cut into several small pieces his 
$1.50 per ton saving. 

With these allowances, then competition river and 
canalized river with the immense tows small boats, and the ocean 
with the immense ocean carriers. His boat has neither great divisi- 
bility nor great mass. 

The cheapness these great tows shallow boats seldom noted 
those who urge deep-water canals. the Mississippi about 
000 000 tons have been carried annually rate 0.5 mill 2.0 
mills per ton-mile, with trifling investment vessels. The tonnage 
reaching Hamburg the Elbe water from ft. depth. 
the Rhine, the Elbe and the Oder, the tows, reach 
tons each. Onthe Hudson they run from 000 000 tons, 
with draft ft. The towage rate about cent per ton-mile. 
This low rate not the only, or, perhaps, greatest, advantage these 
tows. Their divisibility enables them secure return cargoes, 
cargoes various sorts for many uses and many ports. Their light 
draft enables them enter vastly greater number ports, ports for 
which the expense construction and maintenance trifling com- 
pared with deep-vessel ports; secure immensely greater variety 
and number customers and shippers; gather their freight nearer 
the producing point and deliver nearer the consuming point, with 
little intermediate tribute paid middlemen. These tows more 
nearly resemble the railway trains, their divisibility and power 
reaching close consumer and producer, than any other form 
water transportation that exists can exist. doubtful whether 
the cheapening canals and rivers freight moderately deep- 
draft Lake vessels would equal cash value the gain those light- 
draft vessels have. the ocean shipping port they can gather about 
and get closely touch” with large small vessels, deep 

shallow docks, deep-draft Lake vessel can. They are the con- 
venient, adjustable unit, perhaps never supplanted inland 
narrow navigation for freights. 

Again, the Lake vessel also loss competing against ocean 
dwarfed, stunted its inland channel and ports and its 
speak, run both sea and land. The tendency 
ocean carriers greater tonnage and draft can readily noted 
examining few well-known trans-atlantic steamers. 
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TABLE No. 


Steamer. Length, Beam, feet. Tons. 


128 Gross. 
9685 
Majestic 

City Paris. 

City New York. 

Kaiser Wilhelm 

Oceanic 

New Liner, 


040 Gross. 
000 Net. 


The function each class vessel essentially different. The 
proper style inland vessel, small, penetrating everywhere; the ocean 
carrier, large the greatest ports will permit. The 24-ft. seaport 
entrance former days, the 30-ft. entrance depth to-day, are 
already outgrown; 40-ft. entrance now demanded. The increased 
tonnage mostly clear profit, and the Lake vessel can never get that 
profit. must down before such ocean competition. neither 
one thing nor the other, neither truly inland nor truly oceanic. Our 
inland lakes, too large and dangerous for river vessels, too small and 
with ports too shallow for ocean vessels, are inconvenient inter- 
mediate. canal connect two bodies water having similar ves- 
sels reasonable. canal connect two bodies water much dif- 
ferent, not adapted the same class vessel, not desirable, 
likely profitable. partially like trying connect narrow- 
gauge road and broad-gauge road for running through trains. Lake 
vessels will not fit ocean—ocean vessels proper cannot get upon the 
Lakes use Lake ports. The effort extend these Lakes seaward, 
they were deep-draft ocean waters seeking similar waters, likely 
costly and unprofitable. Hence, the Government attempt 
it, can afford lose.” 

The pressure for this waterway appears come from four direc- 
tions: 

(1) The great steel-producing plants, the Carnegies, Rockefellers, 
etc.: They can exterminate the middlemen, producers and reach 
the foreign consumer. Their gain comes, not much decreased 
transportation cost, annihilated middlemen. Only immensely 
wealthy concerns can thus act producer, carrier and foreign mer- 
chant. The usual blocks distance, into which commerce divides 
itself, must made all but such cases, and take place where bulk 
can most advantageously broken—at the coast. 

(2) From small shippers, reach inland consumers: For these, the 
majority the boats canal and river should small, receiving 
from the Lake boats now, and delivering them. The remedy 


Mr. Schenck. 
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present cost lies lessening transfer costs rather than deepening 
waterways. 

(3) The great mid-continental railways that reach from Pacific tide 
water the Lakes: These are anxious make seaports their Lake 
terminals, and independent railways further east. Each wishes 
unite Europe and Asia single line—its own. 

(4) The numerous Lake cities, each eager become Greater 
New York: 

All these efforts transfer seaports the heart the continent 
are unnatural. Millions and hundreds millions dollars have been 
wasted, recent years, attempts draw ocean commerce far in- 
land. few more hundreds millions are now added, per- 
haps. The civil engineer, manager transportation and capitalist, can 
find larger more important problem. worth the most pains- 
taking study, with millions it, lost it. cannot 
taken light reading for temporary amusement. correct, 
generally accepted decision whether our ocean portsshould far 
inland far oceanward, would tend save and make more millions 
than any other question the civil engineer encounters. This canal 
project only one more struggle the expensive contest ports. 

One the causes this contest has been that mere shipping ports 
and great marts trade have been supposed one and the same 
thing. All that each town has aimed for has been shipping 
port, mere transfer table (with very little profit dropped the 
transfer, found). All that railways have sought reach has 
been shipping point which dump their freight near hand 
and with short road possible. The effort ascertain the nat- 
ural mart trade and interchange, and reach has seldom been 
made. 

The two alternates location have been the head naviga- 
and the coast. Navigation generally hydra-headed, and 
head navigation varies and dwindles size and importance 
with draft vessel until becomes microscopic and unascertainable. 
claimed put the great shipping port and 
mart trade this head navigation.” The real test commer- 
cial supremacy, such the Lake ports are seeking this canal, lies 
the foot inland navigation, always distinct thing. This the 
outermost point where inland vessels and great tows can safely and 
transfer into the great ocean carriers. where the two can unite 
without sacrifice either respect deep draft for ocean light 
draft for small waterways. 

such point the ocean vessel, the river vessel, the railway, can 
all get together. the only real radial point the earth’s surface. 
Land, ocean, coast, all productive areas, are naturally tributary and 
accessible it. the ocean carrier comes hundreds miles inland, 


CANALS FROM THE LAKES NEW YORK. 1097 


passes rich areas, full business. brings freight for this coast Mr. Schenck. 
area, that freight must have double needless journey after delivery 

inland. The coasting vessels must come far inland exchange 

freights with the ocean carrier. The railways must carry back nearer 

the coast what has already passed the coast inbound. 

support the seaport far inland, and expensive projects for 
bringing vessels it, existing ports are quoted. They are the main 
apparent argument. said that vessels must penetrate the con- 
sumer, and the mart trade there. The consumers passed and 
ignored the inland journey are not counted importance. 
few figures Table No. will indicate what rich productive areas 
would run through vessel could and did come far inland past 
the territory each road named. 


TABLE No. 


Through tonnage. Local tonnage. 


New York Central 023 133 598 064 


189 804 809 588 
Southern Pacific, Pacific System 914 949 142 


Such are some the rich tonnage-producing territories which the 
new Lake vessels would ignore and run past, order reach the 
inland port and get the producer and consumer.” The vastly 
greater number buyers, greater number profitable whole-cargo 
lots, greater radial possibilities distribution all the country, are 
ignored the vessel whose only aim burrowing far into the 
land, place sending its load, promptly reaching land, every 
possible direction. 

The actual ports cited favoring the vessel’s search inland, are 
numerous. None them really far inland, many wish they were 
less so. Some the ports,” contrasted with the ocean 
coast ports, are the following: 

Bremen, London, Glasgow, Gloucester, 
Montreal, Philadelphia, Baltimore and New Orleans. 

Some the coast ports are Liverpool, Southampton, Boston, New 
York and San Francisco. 

These inland ports were located before railways reached readily 
the coast. They attained importance when slow water transporta- 
tion was the only form They were areas which 
had developed close the rivers (then the only transportation routes) 
towns now spring along railways. The draft vessels was 
small. Time was object travel, making sales, turning 
over capital. the present days time governs all these, essen- 
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Quick 
compel quick deliveries ocean carriers. Protection afforded 
commercial cities the coast. Fresh water does not have sought 
far inland. 

Hamburg was founded 808 D., becamea free city, and secured 
valuable commercial privileges which more than compensated vessels 
water transportation, having tributary km. waterways. 
has expended immense sums for facilities, having 300 acres basins, 
many miles wharves, 30000 sq. ft. storage. Its facilities are 
worth $50 000 000 per annum commerce. Railway transportation 
came too late change its location. 

Bremen not port, having only ft. water. 

London was located under early conditions. Although often 
early days congratulated itself being inland short distance, be- 
cause protection from hostile fleets, has regretted for commer- 
cial reasons, and made every effort overcome its disadvantages. 
Since the increase railway facilities, its annual tonnage has become 
about 000 000, against 20000000 for Liverpool and much for 
Southampton. 

Glasgow great coal and iron producing country. not 
commercial but manufacturing city, and attained population 
300 000 before railways came. 

The American ports named inland were also located and grew 
large size, result water facilities, before railways came. New 
York, coast port, once much smaller than Philadelphia, now many 
times larger. Boston’s foreign commerce exceeds many 
times. The inland port Albany and the inland ocean waterway, 
the Hudson River, were deserted ocean vessels through railway 
competition which placed the freight down the ocean for the ocean 
carriers, and through competition the great tows the Hudson. 
better practical illustration how needless inland waterway 
for ocean vessels can found than this same Hudson River, which 
this inland attempt desired renewed. 

Philadelphia made every possible effort draw ocean vessels gen- 
erally her wharves. The immense capital and tonnage the Penn- 
sylvania Railroad were backing the attempt. Great elevators were 
erected. The river was deepened and range-lighted Government. 
The ocean business failed come, except years when coast ports 
and steamers all drafts were overtaxed. Much the elevator 
machinery went the junk shop. President Roberts read the burial 
service follows before the directors: 

years ago you established steamship company, the Amer- 


ican Steamship Company, fostered your corporation, which you 
took four-sevenths the original stock, afterward increasing that 
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from time totime until you had nearly 200 000 invested the capital Mr. Schenck. 
stock that steamship company. 

200 000 has been totally sunk. addition that, this 
company has faithfully paid the obligations, all these years, the 
date their maturity, that they have paid the neighborhood 
500 000, more contribution the part your corporation 
endeavor build the commerce this port; not illiberal con- 
tribution, and one which has given the managers your corporation 
some anxiety whether was right proper; but right not, 
all gone.” 

Similar bad results are becoming observable Montreal, New 
Orleans and Portland, Ore., while Boston, New York and San Fran- 
cisco, well seaward, are wearing funeral colors, and plucky 
Galveston, seaward and even the sea, reviving, and shipping its 
greatest cargoes to-day. There may another Philadelphia exper- 
ience scale hundreds millions instead millions. This time 
nation, instead corporation, will asked take the 
risk and bear the loss. 
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THE PRACTICAL COLUMN UNDER CENTRAL 
ECCENTRIC LOADS. 


Discussion.* 


Mayer, Am. Soc. (by letter).—This paper contains 
valuable collection tests columns, and interesting effort 
derive, means mathematical reasoning, formulas giving the 
fiber stresses actual columns. 

The author appreciates the necessity introducing empirical 
coefficients his formulas, for the purpose allowing for eccentricity 
loading, initial curvature, etc., make them agree with the tests. 
One the purposes the paper find formulas curves for the 
ultimate strengths columns. The curves obtained deviate very far 
from the ultimate strengths short columns shown the tests. 
The engineer cares most for the strength columns length 
150 radii gyration, and the curves ultimate strength 
ought approximately correct for these columns. For all kinds 
steel, wrought-iron and wooden columns possible find straight 
lines which agree better with the actual ultimate strength shown 
the tests columns less than 150 radii gyration than the 
author’s complicated curves. These straight lines are more convenient 
for use and more easily remembered. 

The engineer desires use dead loads per square inch equal 
half those producing stresses equal the elastic limit. For very 
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short steel wrought-iron columns the elastic limit about 0.6 Mr. Mayer. 
the ultimate strength. The proper dead load is, therefore, 0.3 the 
ultimate strength, and the ultimate strength about equal for tension 
and compression. For longer columns, the elastic limit and ultimate 
strength are nearly identical. curve which starts with 0.3 the 
ultimate strength for columns length and approaches half the 
ultimate strength long columns answers the purposes the engineer. 


ultimate strength the steel wrought iron which the column 
made, will give the proper unit strain for the dead load 


columns less than 150 radii with much accuracy the 
uncertainty the case allows. More complicated formulas would 
only justified they agreed more closely with the tests than 
these simple formulas, which not the case for co!umns moderate 
length which are alone used practice. 


The formulas become, therefore, for iron 000 for 

The usual straight-line formulas for timber are accurate the 
author’s formulas. While the writer, therefore, cannot agree with the 
author his highly appreciates the services rendered 
the latter collecting the tests and presenting his views such 
lucid and simple manner. 
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THE THEORY AND PRACTICE PRECISE SPIRIT 
LEVELING. 


Discussion.* 


Mr. Hering. Am. Soc. E.—It might said, connec- 
tion with Wilson’s discussion, that the European practice, which 
has very thoroughly covered this field precise leveling, inclined 
toward obtaining the greatest attainable precision and accuracy, but 
within practicable limits; which seems correspond with Mr. Moli- 
tor’s views. important cases, certainly better avoid errors 
leveling you along, rather than rely simply the indications 
your closure results, which may due more less accident, 
from the possible fact that the closure error may smaller than some 
intermediate errors. The speaker believes proper, and the 
line progress, always secure the greatest practicable precision 
warranted the specific case. 

Mr. Marshall. Horace Am. Soc. (by letter).—The treat- 
ment the subject this paper exhaustive, but would lead one 
believe that the work very difficult; fact, stated distinctly 
that few men have made success precise leveling.” the 
first place, that statement applies probably only this country, where 


This discussion (of the paper David Molitor, Am. Soc. E., printed 
Proceedings for September) printed Proceedings order that the views expressed 
may brought before all members the Society for further discussion. 

Communications this subject received prior December 28th, 1900, will 
printed later number Proceedings, and subsequently the whole discussion will 
published Transactions. 
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the method recent application, and the next, only few men Mr. Marshall. 
this country have tried it. 

Under the United States Engineer Office Vicksburg, Miss., 
less than nine men have been engaged, from time time, precise 
level work, and there has been but one instance failure. That was 
due the man getting becoming imbued with the idea 
that the work was especially exactly this feature 
which needs combated order that the method may become 
more generally adopted private and corporate work. 

When any one talks about running levels hundredths milli- 
meter with self-reading rod, they excite derision, though they may 
happy the knowledge that one can prove the results incor- 
rect. smacks too much theory and too little experience. There 
absolutely nothing precise leveling save accurate instrument 
(with sensitive bubble) and thorough programme for making the 
readings, get good results. thorough programme meant one 
which will balance detect errors; and not necessary balance 
out the same errors twice. Equalsights balance instrumental constants; 
eccentricities cannot balanced. repeat the sight with instru- 
ment inverted and reversed simply balance out the constants 
twice, far the instrument concerned, and delay the progress. 

The record given Table No. shows that the progress, where 
the double readings were presumably taken the author, was about 
miles per month. The last line run under the Vicksburg Engineer 
Office was rate 59.3 miles per month the field, for 
222 miles. The best day’s run was almost exactly miles single 
line, and the line checked within the limit 


5mm. distance kilometers, 
the distance being counted only one direction. This limit does not 
very greatly exceed the mm. distance kilometers mentioned 
the paper. recomputation the notes the office usually 
changes the final result less than mm. 

For practical purposes, the source error matters little long 
the programme remains unchanged later discoveries. Whether 
the settling the instrument the change due alteration the 
temperature cannot detected any peculiarity the movement 
the bubble, nor there any good come from defining refraction 
differently from the meaning accepted 

The condition the atmosphere being unstable, course, change 
refraction continually going on, and, the way, this change, 
which most detrimental good work, usually most rapid near 
sunrise and sunset, the very time the author selects for best results. 

With stable condition the atmosphere the absolute temperature 
makes difference, except that cold weather not conducive 
comfort, and fact that some the best work done under the 
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United States Engineer Office Vicksburg, Miss., was done during 
the attempt was made run night, but proved 
unsuccessful because the difficulty properly illuminating the 
rods and instruments. Almost any nightwork distasteful the 
men, and seldom rapid day work. 

The programme proposed the author varies very little from ac- 
cepted practice, and the reversal the telescope and bubbles hardly 
worth while. fact, any increase the time required complete 
set observations permits increase error due change 
atmospheric conditions, and adds weakness, unless the gain some 
other feature more than counterbalances. course, equivalent 
repeating the observation, but delays the work and likely 
trip the recorder. move the instrument before the notes observa- 
tion have been checked distinctly bad feature. 

The refinement subdividing the rod probably most generally 
detrimental, for increases the blurring effect any boiling the 
air. Possibly these fine divisions the rod forced the choice for best 
running the time day when the air steady, even refraction 
changing most rapidly. 

prescribe particular direction for running, according the 
time day, having reference the light, pre-supposes constant 
direction the line, when fact the line seldom straight. The 
convention regard signs for difference elevation lines 
opposite directions seems hardly well taken. one direc- 
tion, down the other, and the signs should show actualities. 

Table No. purports show the accuracy the Principal 
Precise Level Work the United States,” and gives results 048 
km. the Coast Survey and 2849 km. various United States 
Engineer Offices, but seems little curious that leaves out that 
office which has done more precise level work than any other and about 
seven-ninths much all other engineer offices combined. 

The same thing has occurred before, when assistant engineer 
published list the annual report the Chief Engineers the 
United States Army. The Engineer Officer Charge made the amende 
honorable, however, when his attention was called it. 

Perhaps the Vicksburg office, formerly under Major Willard, 
and now under Major Thomas Casey, does not principal” 
precise level work, but is, nevertheless, the only Engineer District 
which fully covered system where all the polygons are closed. 
There are seven polygons, the perimeters which vary from 294 
the closures lines run the United States Coast Survey, there are 
six other polygons with errors from 4.1 146.8 mm. 

The size the polygons, the actual error closure and the error 
the closure, millimeters per kilometer, are shown Table No. 26. 


> 
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TABLE No. 26. 


Nos. kilometers, |in millimeters.| kilometer. Remarks. 

165 14.8 0.079 

259 27.7 0.108 

528 46.0 0.089 

629 101.6 0.161 

694 98.9 0.142 

4.1 0.060 Closed Coast Survey. 
343 — 26.6 0.077 
536 45.2 0.084 “ “ 


will noticed that the greatest actual error closure per 
kilometer less than the least probable error per kilometer the 
work cited Table No. 21. 

the allowable error, the limit error permitted, good deal 
might said, but is, after all, simply approximate test the 
accuracy the work, and only serves warning show that the 
conditions will not permit good results under the usual programme 
when exceeded. The proper form would equation the 
second degree, having the distance one term the first power and 
another term the second power. Probably the present form was 
worked out empirically from practice where the use the level has got 
beyond the experimental stage. 

The probable value two results the mean, and the error prob- 
ably does not exceed half the difference between the two results; that 
is, the difference about the usual size for that character work. 
compute the probable error least squares from two observations 
foolishness; and the observations different lines, and even 
the same line, are not made under similar conditions, e., they can- 
not considered repetitions the same observation, the probable 
error least squares cannot properly used even for comparison. 

said, the paper goes the full limit the matter precise 
levels, but hoped that members the Society will under- 
stand that the work easy practice. Almost perfect lines levels 
can run nearly cheaply ordinary levels are now run, and, the 
mistake cutting down the limit too small not made, the work can 
done more rapidly. lines levels permanent works would 
better run the precise level; lines all water courses should 
certainly be. 

The American instrument-makers turn out more finished instru- 
ment than foreign makers usually do, but the Kern level good, 


Substantial make, which has stood the test time for wear and good 
work. 


Mr. Marshall. 
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having been engaged precise spirit leveling, under the Corps 
Engineers, Army, both recorder and observer, has read with 
much interest this valuable paper. 

Referring Table No. 21, page 888, the writer wishes call atten- 
tion line precise levels, not given the table, run connection 
with the Red River Survey, 1889, 1891 and 1892.* The line runs 


from Delta, La. (opposite Vicksburg, Miss.) the Mississippi River, 


Shreveport, La., the Red River; thence along the Red, Atcha- 
falaya and Mississippi rivers Smithland, La., the Mississippi 
River. this line 654 km., 406 miles. 1880 and 
1881, the Coast and Geodetic Survey had run line precise 
levels along the Mississippi River from Greenville, Miss., New 
Orleans, La., which includes the Mississippi River from Delta, La., 
Smithland, La. The length the Mississippi River line from 
Delta Smithland 248.4 km., The Red River Survey 
levels started from the Coast and Geodetic Survey Bench- 
mark No. 215 Delta, with its elevation above Cairo 
Datum, and closed the Coast and Geodetic Survey Bench- 
mark No. XLV Smithland, with elevation above 
Caro Datum. The elevation Bench-mark No. XLV, the 
Coast and Geodetic Survey m.; that is, the error 
closure the entire polygon loop, Smithland, Delta, Shreve- 
port and back Smithland, being mm., less than 
The total length the polygon 902.4 km., 560 miles. 

The writer does not know the probable error per kilometer 


for the entire line the Red River Survey was not deemed 
sufficient importance take the time make the computations. 
The writer ran the last stretch the Red River precise levels from 
Grand Bend, the Red River, Smithiand, La., Missis- 
sippi River, distance 126.2km., miles. For his own informa- 
tion computed the values for his line levels and found 
the probable error for the 126.2 km. 12.3 mm., 1.1 mm. 
per kilometer. The writer’s method computing the probable error 
was the same that given the author page 891. 

running the Red River precise levels care was taken keep the 
instrument closely adjusted and keep the back sights and fore 
sights equal. The instrument was shaded with umbrella, and 
work was done from about unless the day was 


Annual Report the Chief Engineers, Army, Report Captain Will 
ard, Corps Engineers, for 1893, page 1944 seq. 


the Mississippi River Commission for 1884; or, Annual Report the 
Chief Engineers for 1885, pages 2676 and 2678. 


Papers. DISCUSSION PRECISE SPIRIT LEVELING. 1107 


cloudy. The length sights was usually not over 100 m., except Mr. Kastl. 
river crossings, where the method reciprocal levelings was used. 
The rod readings were taken with the level bubble the center, tele- 
scope normal and level direct. Each stretch levels was run 
duplicate opposite directions the same observer, and during the 
same forenoon afternoon. The level and collimation errors, although 
small, were observed and recorded least the beginning and close 
each day’s work and sometimes each half-day’s work. The 
rection for inequality the pivots and the value one division 
the level for distance were determined the beginning and 
close the season’s work. However, the instrument was kept 
closely adjusted, and the back and fore sights kept equal, the correc- 
tions for the inequality the pivots and the level and collimation 
errors were rarely used. Isis good plan keep record the 
adjustments. The allowable limit error for each stretch was mm. 


kilometers, the distance being the length the stretch 

| 


from one bench-mark the next, and not the length the loop 
leveled forward and back. The instruments used were precise levels 
and rods, manufactured Kern Aarau, Switzerland, and had been 
used the Lake Survey and the Mississippi River Survey. 
would very interesting the author would give comparisons 
between the lines precise levels along the St. Clair and Detroit 
Rivers run under the Lake 1877, and run under 
the Board Engineers Deep Waterways 1898 and 1899. 
The Lake Survey precise levels were about the first the kind 
which were run the United States, and comparison results 


between the first and latest methods doing this class work would 
worthy record. 


paper precise spirit leveling covers thoroughly the theoretic con- 
ditions involved the practice this class surveying. especi- 
ally pleasing the writer and should this Society, sub- 
stantiates, theoretically, the principal conclusions brought out the 
discussion the paper entitled, ‘‘Spirit Leveling the United States 
Geological Had Mr. Molitor examined this paper, would 
not have stated that unable give examples speed cost. 
Many such are readily obtained from study the reports 
the United States Engineers, the United States Coast and Geodetic 
Survey and the United States Geological Survey, and few are pub- 
lished the paper above referred to. 
The writer glad see that this paper the title spirit 
leveling used, thus bringing out clearly the fact that spirit 
leveling which the most precise work done, and not that variety 


Professional Papers, Corps Engineers, Army, 1882, No. 24, 599 seq. 
Transactions, Am. Soc. E., Vol. xxxix, 339. 
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leveling wherein numerous instrument constants and corrections for 
are applied, the detriment the results. 

Mr. Molitor points out very clearly that ‘‘the most perfect not 
necessarily the most complicated instrument. the contrary, sim- 
plicity prime necessity the usefuiness Elsewhere, 
repeats, order point clearly that his opinion the best 
results are obtained. the simplest methods running and 
instrument and the avoidance those methods, practiced the 
past, which require the application corrections and constants the 
instrument and its results before the latter are available for use. Yet, 
these admirable conclusions have been hidden him under mass 
theoretic discussion errors and instrument constants and their cor- 
rection, which are voluminously stated befog the conclusions 
are applied the methods preferred Mr. Molitor, and few 
the errors are not shown him eliminated the methods ob- 
servation practiced. 

Level.—The writer partially agrees with Mr. Molitor that the level 
made Messrs. Buff and Berger for Professor Mendenhall one the 
best precise leveling instruments ever made. Yet speaks slightingly 
the quality the level made the same firm for the Geological 
Survey, when, point fact, the differences between the two are 
almost wholly minor points construction.. They differ promi- 
nently but one feature—the omission the attached bubble from 
the Mendenhall instrument and the use the striding level alone 
that instrument. The writer inclined agree with Mr. Molitor and 
others that the striding level theoretically, and possibly practically, 
slightly preferable well-made attached level. The writer will 
show, farther on, however, that any better results 
precise leveling have ever been obtained than those secured the Buff 
and Berger level (Fig. Plate XXXVI), and not proven yet that 
the slightly more complicated, improved Buff and Berger superior. 
comparison made from Table No. shows that most the essen- 
tials these two levels are superior the other instruments described. 
After conference the subject new level for the Geological Sur- 
vey, the maker these two instruments was inclined agree with the 
writer that was doubtful whether the changes made the Menden- 
hall level had not affected some its simplest and most admirable 
qualities purely precise spirit level. Mr. Molitor makes slight 
mistake stating that the Geological Survey instrument 
second bubbles are used. point fact, and 8-second bubbles 
are used, though the latter only under unusual conditions; the 
second bubble being that which generally used. The new Coast 
Survey instrument should superior make because its reputed 
great simplicity. 


i 
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Rods.—A very shallow coating paraffine preferable any Mr. Wilson. 

other treatment, will keep out dampness, etc., more effectually 

than painting, and yet does not affect sufficient amount the 
cross-section the rod appreciable influence its expan- 
sion. this point, however, there much learned, and rods 

either treated above, oiled and kept freshly coated with shel- 

lac, painted, suggested Mr. Molitor, are probably equally 

satisfactory. 

The conclusions drawn from series careful experimental 
levels run and re-run last year the Geological Survey between 
Elmira and Corning, New York, with both target and self-reading rods 
most approved patterns, indicated that there was little differ- 


ence the quality the results obtained either. the matter 
speed and relative cost there was decided advantage shown favor 
the target rod, and these are points which engineers thoroughly 
appreciate. Self-reading rods are slower than target rods, because 
even moderate grades the length the sights must materially 
reduced, since only relatively small portion the rod can seen 
between the extreme the three wires. Moreover, since desir- 
able such work not observe nearer the ground than ft., 
because refraction, apparent that only very short rod avail- 
able and the lengths sights and rate speed are correspondingly 
reduced. Finally, the use self-reading rods retards the work 
because the time required read and record all these wires. 
Turning Points and Bench-Marks.— The use pins for turning 
points, preference plates, has, stated Mr. Molitor, received 
the approval nearly all precise levelers. The writer, however, dis- 
approves the hole sunk the foot the turning pin into which 
projection the foot the rod placed, because the danger 
dirt getting into such cavity and being carelessly left there, thus vit- 
iating the results. also disagrees with Mr. Molitor’s 
tion for the concealment bench-marks. very wide experience with 
these, every part the United States, and the setting thou- 
sands during the past few years levelers for the United States Geo- 
logical Survey indicates that publicity better, and this 
accordance with the best European practice. The threat fine, etc., 
printed the Geological Survey bench-marks has its effect deter- 
ring many from disturbing them, though point fact, stated 
Mr. Molitor, the conviction transgressor would very difficult 
matter. However, bench-mark tablets large size, attractively lab- 
eled and placed prominent positions public buildings grounds 
are decidedly more immune from injury than those which are smaller 
and concealed—this, chiefly for the reason that people living the vi- 
cinity are proud and become interested the public and official 


mark showing the height their locality, and would interrupt any 
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vandal who would attempt injure the same. Moreover, its very 
publicity makes difficult for any one disturb without detec- 
tion. 

Simplicity Precise feared that the imposing array 
mathematical formulas and the statements the very high grade 
personal attainments necessary precise levelers will deter civil en- 
gineers who have good spirit leveling from attempting work 
this character. counteract this effect the writer insists that precise 
spirit leveling not all complicated operation. differs little 
from ordinary spirit leveling except the quality instruments and 
rods used and the precautions taken their use. little expense 
over that incurred the more crude methods spirit leveling ordi- 
narily used engineering work, leveling the highest order pos- 
sible. Nor are scientific attainments very high order requisite 
the leveler. Such qualifications are found well-educated 
instrumentmen few years’ experience with transit level will 
generally suffice. Although for the best results only the best instru- 
ments should for safety used, almost equally good results are being 
obtained daily over distances less than 100 miles, such engineers 
will ordinarily have operate in, with nearly any spirit leveling in- 
strument good make. not necessary point out engineers 
that the ultimate test the quality such work not theoretic 
discussions minute errors. These are value pointing out the 
methods used and the cure for the errors; but the test the re- 
sult the error shown starting from given point, running 50, 
100, 000 miles, and closing back that point. better results 
this kind have ever been obtained than those procured under the di- 
rection Mr. William Brown, Chief Engineer the Pennsylvania 
Railroad, running precise levels with first-class Heller and Brightly 
instrument, the United States Geological Survey with instru- 
ment which Mr. Molitor says: not really precise level, but 
merely good common Yet with these instruments the very 
best attainable closures have been invariably procured. 

Unfortunately, the writer not this time able quote the clos- 
ure errors exactly because the leveling parties are still work the 
field, because his present duties render them inaccessible; however, 
line 043 miles length from the sea coast North Carolina 
through Asheville and Knoxville Atlanta, and back the sea coast 
Brunswick, Ga., including the errors tidal observations two 
points the coast, the closure error was 1.057 ft., result within per- 
missible limits, when remembered that the total length the dupli- 
cate line twice 2086, miles, and includes errors two tide 
gauges. Equally good results have been had closing 
780 miles, half which consists the States Engineers’ line 
from Albany Oswego and water levels Lakes Ontario and Erie 


Mr. Wilson. 
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Dunkirk, and the other half Geological Survey levels from Dunkirk mr. Wilson. 
via Binghamton Albany, the closure error being 0.645 ft. 

This year the Geological Survey ‘‘common levels” have closed, 
within 0.246 ft., line run from the old United States Engineers’ 
bench-mark Utica north Mr. Molitor’s own line for the Deep 
Waterways Commission Fort Covington. Pittsburg the Geolog- 
ical Survey levels checked bench-mark the Pennsylvania Rail- 
road levels” and with line brought the Geological 
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Survey from the Coast Survey bench-mark Grafton, Va., 
Pittsburg. The extreme range closure was 0.368 ft. distance 
1606 miles. The elevation brought the Pennsylvania Railroad 
direct from Sandy Hook 738.491 ft. That brought the Coast 
Survey from Sandy Hook Grafton, and the Geological Survey 
thence Pittsburg, 738.468 ft. discrepancy between the eleva- 
tion brought the Geological Survey from Lake Erie, dependent 
the old United States Engineers’ levels from Albany, and the Pennsyl- 
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Mr. Wilson. vania Railroad, miles, was 0.215 ft., accepting the present 
height Albany, about 0.4 Albany corrected. Harrisburg 
the closure error between the Pennsylvania Railroad, the Geological 
Survey and the Coast Survey was 0.079 ft. 376 miles. 

The line just closed the Geological Survey Coast Survey 
bench-mark Poughkeepsie, from Geological Survey bench-mark 
Binghamton, shows error 0.607 ft. This includes circuit 
from Poughkeepsie the Coast Survey Albany, thence mean 
United States Engineers’ and Geological Survey levels via Dunkirk 
Binghamton. This closure goes show that the revised Grist-mill 
bench-mark Albany, characterized the writer’s paper 1898,* 
still error about half foot, since the application the closure 
error just obtained results had through Harrisburg and through 
Pittsburg improves the closure those and other points made 
lines brought from Albany and from other directions. Thus applying 
it, makes line Harrisburg from Elmira and Albany close with 
the Pennsylvania Railroad 0.044 ft. low. 

The writer desires emphasize Mr. Molitor’s statements about 
heat effects the instrument, fully agrees with him that practi- 
cally all the errors which cannot eliminated the instrument and 
the running are those due changes temperature. Therefore, 
careful work this kind, every effort must made minimize 
heat effects, and one the essentials that the instrument shall 
all times shaded from the rays the sun. Even ordinary level- 
ing the bubble can much more quickly brought center when 
the instrument shaded, and the results will much more trust- 
worthy, that the cost umbrellaman will practically saved 
short time. 

The members this Society will interested know that, 
result the writer’s paper leveling,* has the personal statement 
the Superintendent the United States Coast Survey, Professor 
Pritchett, that the Coast Survey indebted that article and its 
discussion for its clear proof the necessity revision their 
methods precise leveling. That Bureau discarded 1899 the in- 
struments and methods theretofore used, and now using new in- 
strument made which similar but even simpler than the 
Kern and the Buff and Berger levels. The chief point brought out, 
result the conference experts which recommended the changes, 
was that the largest source error was due temperature and the 
expansion metal the instruments; and that, therefore, any attempt 
introduce instrumental constants, had been done the past, was 
erroneous because the uncertainty the coefficient expansion 
and its effects the parts the instrument. This alone isastriking 
argument for the use the simplest instrument and the simplest 
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methods without the application corrections for so-called instru- Mr. Wilson. 

ment constants. 
The members this Society will interested know that now 

nearly the entire eastern half the United States thoroughly grid- 

ironed lines precise levels. scarcely necessary more 

than 100 miles any direction get bench-mark which connected 

directly with sea level precise levels. For the benefit those who 

are interested the use such results there published herewith 

outline map, Fig. 18, showing the distribution such level lines. 

many places there are adjusted between them other lines levels 

derived from numerous reliable sources. The completeness the 

precise level net New York and Pennsylvania attests the progress 

being made the co-operative topographic surveys those states. 


Descriptions and elevations all precise bench-marks cau procured 
addressing the United States Geological Survey the United 
States Coast and Geodetic Survey Offices. 

Esq. (by letter).—The writer, being instrument Mr. Fischer. 
maker, was particularly impressed those portions this interest- 
ing paper which treat the form and material the various precise 
levels and level rods. Having had charge the construction the 
instrument described therein under page 792, also the design 
for reconstruction that instrument, and the design and construc- 
tion new one which has been use during the past season, the 
writer feels that may add the interest the subject precise 
leveling description instrument and rod designed and con- 
structed since any those described the author. few remarks 
are added regard the instrument selected the author the 
most perfect precise level yet produced.” 

should said here that the difficulty between the engineer and 
the peculiarly instrument maker did not prevail the 
planning what may called the Coast and Geodetic Survey 1900 
Precise Level. The engineer designated the method and the principal 
features required satisfy it, and the instrument maker made the 
design which was approved the engineer. 

The method observation adopted the Coast and Geodetic Sur- 
vey obviates the use revolving telescope and reversible stride 
level. will seen Figs. and Plate XLIV, the advantages 
arising from this fact have been utilized mounting the level directly 
upon the telescope. making the support for the telescope cylin- 
drical, was not only given the strongest and lightest form, but 
could made serve the same time protection the level. 
The whole thus offers perhaps minimum surface wind pressure, 
and less readily affected temperature changes. 

Considering the minuteness the quantities producing what are 
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| 
> 
B 
n 4 
I. 
1r 
n- 
he 
jas 
est 


Mr. Fischer. 


1114 DISCUSSION PRECISE SPIRIT LEVELING. [Papers. 


called cumulative errors, minute that most sensitive level re- 
quired indicate them, the aims designing the new precise level 
were select the material with view the smallness its expansion 
coefficient, protect the vital parts against sudden and unequal 
changes temperature, reduce the smallest possible dimension 
the linear distance between level vial and line collimation, en- 
sure stability reducing the distance between the center gravity 
and the plane support, and enable the observer obtain the rod 
reading, nearly possible, simultaneously with the setting the 
level. 

The material selected was the same that which had beenused the 
reconstruction the older instruments the Coast and Geodetic Sur- 
vey the spring 1899. The nickel-steel alloys, brought out Pro- 
fessor Guillaume the International Bureau Standard Weights and 
Measures, had attracted considerable attention reason their low 
expansion coefficients (down 0.000001 per degree Centigrade). 
quiry established the fact that tubing and castings, almost indispensa- 
ble the construction instruments, could not obtained, because 
attempts produce them had not been successful. The writer, there- 
fore, secured the co-operation brass founder, and after number 
trials succeeded obtaining alloy with coefficient 
which could readily cast into suitable shapes. iscomposed 
parts soft grade cast iron and parts grain nickel. This 
metal almost proof against corrosion, though not better, far 
strength concerned, than castiron. peculiar property the readi- 
ness with which takes polish and the smoothness with which wears 
against itself even under considerable pressure. The nickel-iron draw 
tubes the three reconstructed instruments, though moving bear- 
ings the same metal, not show the slightest wear looseness, 
though they have been used running 200, 300 and 600 miles double 
lines leveling, respectively. This alloy, having proven its worth 
considerable improvement the results obtained during the season 
1899, was also used the construction the 1900 levels the United 
States Coast and Geodetic Survey, Nos. 7and8. The telescopes were 
cast with objective head and draw-tube bearings complete, with the 
aid cores, were also the tubes surrounding the telescopes, while 
the draw tubes and level tubes were cast solid and bored out. The 
screws which pivot the telescope, adjust the position the level vial 
and the disc carrying the spider threads, and the leveling screw, 
are made nickel-steel with co-efficient 0.000001, obtained from 
the firm* producing Professor Guillaume’s nickel-steel alloys. 
will seen from Fig. 20, the telescope tube cut open admit 
the level tube being placed near its axis the cone 
rays formed the apertures the objective and reticule will per- 
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mit. The outer cylinder supports the telescope means the 
pivot screws shown Fig. 19, the points which enter place 
reinforced ring forming also diaphragm; and the micrometer 
screw, the end which carries glass-hard steel tip upon which 
rests the telescope, which provided with small plate glass- 
hard steel the point contact. white celluloid head, graduated 
100 parts, and index, serve obtain quickly the horizon setting 
when placing the instrument. The pitch the screw being about 
threads per millimeter (100 per inch), gives value about 2.6 seconds 
per division. 

The telescope has vertical motion about mm. above and below 
the horizontal position. Just back the micrometer screw fastened 
the outer tube small eccentric with lever handle, means 
which the telescope can lifted off the screw and pressed against 
spring above, prevent jarring and disturbing the level adjustment 
while carrying the instrument from station station. This device 
not shown the diagram, but can seen one the photo- 
graphs. The necessary openings between the telescope and the ends 
the outer tube are closed leather cones which effectually shut out 
dust and air currents, without the slightest degree influencing the 
freedom the telescope assume the position determined pivots and 
micrometerscrew. Thelevel tube holds the vial six points metallic 
contact, three each end, 120° apart, the two lower ones being formed 
screws piercing the tube, the upper one metal tip 
the end flat spring fastened the tube itself. The vial con- 
fined longitudinally cork rings, which, however, leave clearance 
The level tube fastened the telescope the end 
nearest ocular means square-headed vertical adjusting 
screw about threads per centimeter, working against two very 
strong helical steel springs, and moved socket wrench with long 
lever arms, enabling the observer make very delicate adjustments 
with ease. turn two small milled-head screw permits the 
glass cover over the oblong opening the outer tube slipped 
back sufficiently for the admittance the wrench. the other end 
the tube held clamping screw and two opposing screws for 
adjusting the level vial laterally. 

Two slightly enlarged portions the telescope tube, which are 
indicated Fig. 20, but hidden under the leather cones the photo- 
graphic views, are turned equal diameters, and nearly possible 
co-axial with the objective head and draw-tube bearings. means 
these collars, and suitable shop contrivances, the intersection the 
vertical spider thread and middle horizontal thread adjusted fall 
the geometric axis the telescope, thus avoiding errors due 
divergence between the line sight and the line motion the 
draw tube. The level vial also placed parallel the line sight 
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the shop, before the instrument finally put together. 
tive has focal length cm. and clear aperture 4.2 cm. Two 
Steinheil eyepieces, 9.5 mm. in.) and 12.5 mm. in.) equivalent 
focus, are provided, having magnifying powers and diameters, 
respectively. The system spider threads consists one vertical 
and three horizontal lines. The upper and lower horizontal threads 
requested the 

The outer tube and the telescope and level tube are covered with 
substantial coating cloth dust, protect them against sudden 
changes temperature. 

The level-reading device (Figs. and 22), modification that 
made Berthelemy (Fig. Plate and was first applied the 
three Coast and Geodetic Survey instruments when remodeled the 
early part 1899 (Figs. and Plate XLV). The same device was 
adopted for the new instruments where could applied more 
compact form. The difference 
between the French device and 
its modification readily ap- 
parent from the illustrations. 
The large and weighty mechan- 
ism has been reduced and placed 
near the base the instrument, 
and, what considered the most 
important change, the eye tube 
has been placed binocular dis- 
tance from the eyepiece the 
telescope, enabling the observer 
control both rod and level 
bubble nearly simultaneously 22. 
his ability change mental attention from one image the 
other will permit. The distance between the axes the telescope 
and level-reading tube can adjusted suit the individual ob- 
server. The images the ends the bubble and the scale divi- 
sions their vicinity are reflected the mirror above the open- 
ing the outer tube into two prisms and are them reflected, 
direction parallel the telescope, into the observer’seye. The prisms 
have curved surfaces, and, together with lens mounted between 
them and the eye end, reduce the distances between the ends the 
bubble and the eye the normal distance distinct vision. The cap 
forming the eye end arranged hold such lens individual 
observer may need adapt the normal distance abnormal eye. 
The means keeping the prisms adjusted symmetrically the ends 
the bubble are illustrated Fig. 22. They are much simpler than 
those the French instrument, which racks and pinions are used. 
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The level vials are graduated 2-mm. spaces, and have values 
somewhat less than seconds per space. small universal level with 
45° aids quickly placing the instrument operating 
position. 

The centers are the single-cone type, and are made the hardest 
and toughest steel (Sanderson’s Tool Steel No. 6), and fit closely into 
the tripod socket, which made hard and fine-grained cast iron, 
furnished the Brown and Sharpe Company. The 
distance from the line collimation the plane support was 
reduced from 17.7 the old instrument 10.9 the new, 
while the length the center was increased from 7.3 10.0 cm. 
The radial distance the foot screw 9.0 cm. 

The device for clamping the instrument the tripod head for 
carrying from station station arranged that the former cannot 
rest upon the latter unless the large clamp screw under the tripod 
head screwed home, that is, the observer when mounting the instru- 
ment upon the tripod for the day’s work, cannot forget secure 
that the whole may picked and carried without accident. The 
weight the instrument 5.2 and that the stand 7.2 kgr. 

The writer feels seriously the weakness the described instrument 
due the loose texture the alloy used for the telescope, level, 
draw and outer tubes, which would cause the instrument suffer 
materially accident that would but slightly disarrange 
instrument constructed wrought metal; 
but the love and esteem has won for 
itself from the user during the past season 
aids, some extent least, shielding 
against mishaps. 

With the aid the several photo- 
graphs, Figs. and Plate XLVI, and 
Fig. 23, there will difficulty 
forming clear conception the level 
rod used during the seasons 1899 and 
1900 the Coast and Geodetic Survey. 
will seen from Fig. 23, the cross- 
section symmetrical with reference central vertical line. 
broad strip, carrying the graduation one edge, provided with 
two side ribs, forming with cross. The center the foot, 
made the hardest bell metal, placed the plane the graduated 
face the rod and spherical with radius 2.6 em. For control 
the length the rod, silver-faced plugs mm. diameter are 


23. 


inserted the first decimeter above the foot, and the 11, and 31- 


dem. marks fine across them forming part the gradua- 
tion. Frequent measurements with the same steel tape during the 
season’s work enable the observer keep informed any changes 
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taking place the field and what time they take place. The material Mr. Fischer. 


from which these rods are made was treated with paraffine, but 
under considerably lower temperature than those mentioned the 
author, that the life the wood, which pine very light 
weight, not appreciably impaired. The treatment was changed 
after the construction the first pair rods referred the 
paper, that, although the paraffine was made penetrate the 
center the strips wood, all but about was driven out again 
before allowing them cool. 

The author’s statement that the coefficient expansion wood 
increased about 50%, according determinations the Coast 
and Geodetic Survey, must based upon some mistake, since careful 
measurements gave coefficient 
while that un- 
treated pine usually given 
0.000004 (see page 834). 

The handle, universal level 
and thermometer are shown 
Fig. Plate XLVI. The latter 
has bent bulb which rests 
the center the cross-section 
and surrounded sawdust 
made wood; the 
view shows the wooden protect- 
ing shield raised for reading the 
temperature. The weight the 
rod, obtained from weighing two 
them, 4.7 kgr. 

Fig. plan and section 
the foot plate. made 
cast iron and the spherical cavity 
which but little greater than 
that the foot the rod. 24, 


While, after all that may said for against the form and ma- 
terial instrument, the final test lies the results obtained with 
it; and while the results obtained with the one selected the 
author the best may better worse than those secured with the 
one here described and others described his paper, matter which 
left for the engineer and computer decide, the writer cannot help 
but ask what particular features the Buff and Berger level No. 2768 
decided the author select from the rest those described. Its 
optical power superior that any the others; that the Swiss 
level, though equal diameters, yet inferior reason its 
shorter focal length. The telescope mounted nearer the top 


J 
q 
7 
7 
| 
q > 
7 
5 
4 
| 
q 
q 
ba 
q 
: rf 


1120 DISCUSSION PRECISE SPIRIT LEVELING. [Papers. 


Mr. Fischer. the vertical any the other instruments, and the distance 
between level and line collimation apparently smaller than any 
the others except the Swiss level. These are points its favor. 
But, the other hand, would not better instrument were 
not for the tall mirror and its supports, mounted wind must 
most effective and forbid its use when another would compara- 
tively steady? Should not the level vial protected from currents 
air? The writer has observed, instrument mounted heavy 
stone pier, fluctuations the level amounting divisions, 
precise coincidence with puffs wind too gentle have caused the 
movements the bubble any other than temperatureeffects. Such 
air currents puffs wind would very likely attack also the upper 
half the portion the telescope shielded below the cradle, and 
cause temporary warping the line collimation vertical direc- 
tion which would not controlled the level. 

The mounting the micrometer screw the end long horn 
extending out from the cradle support, make contact with similar 
one attached the cradle, seems large price pay for the unim- 
portant advantage having the cradle swiveled the center the 
instrument. admits disturbances due effects and 
adds considerably the already large area surface exposed wind 
pressure. The use brass for the telescope and other parts the in- 
strument, with its high temperature coefficient 0.000018, and 
especially the use steel collars brass telescope tube, seems 
the writer contrary good principles designing apparatus for 
such delicate uses those precise level. the case astrono- 
mical transits, meridian circles and other instruments the highest 
order, where the control the pivot axes striding level the 
greatest importance, has been held for many years that, order 
preserve the true figure and equality the cylinders forming the 
pivots, they should supported material which will itself yield and 
wear rather than cause their deformation. This was not regarded 
the design the author’s favorite level, which the steel collars 
the telescope rest upon agate points, which must certainly indent them 
after but little use. Why not have had the collars rest across the 
whole width bearings made softer material than hardened steel? 
The author’s statement that the four contact points the cradle wyes 
should not lie the same circles those the striding level would 
not necessary grooves were not worn the collars. the 
writer’s opinion, ideal conditions can reached more nearly 
providing line contacts with wyes some material wearing more 
quickly than that the collars; very short time, really before the 
instrument goes the field, these lines are worn into narrow cylindri- 

cal surfaces; the wyes thestride level are fitted the same manner 

its readings can relied upon for indicating the direction the line 
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sight and inequality collars, provided, course, that longitudinal Mr. Fischer. 
motion prevented. The writer cannot admit that mounting the 

level vial its support strip blotting paper cork will secure 

the extreme stability the make-up precise level. For the past 

twelve level vials, except the very smallest, the instruments 
belonging and made for the Coast and Geodetic Survey, have been 

mounted the manner above described, that is, metallic supports, 

free follow temperature changes and free from effects due swell- 

ing shrinking cork, paper, wood, ete. 


Joun Hayrorp, Assoc. Am. Soc. (by letter).—The Mr. Hayford. 
author’s treatment the subject precise leveling has been read 
with interest, because evidently serious attempt solve 
problem which the writer has devoted much time during the last 
two years. The writer finds that must dissent from several the 
main points reached the paper, well from many the minor 
points. expressing that dissent fully there intention 
reflecting the author’s intellectual honesty, his ability, his sin- 
cerity purpose. The writer must express here his confidence the 
high degree accuracy attained the two precise level lines run 
the author. the expressions dissent this discussion attempt 
has been made avoid making merely statement difference 
opinion, thus leaving the reader decide between opposing opinions 
without adequate basis for his decision, and state fully 
possible discussion readable length the points wherein the writer 
believes that the author’s conclusions rest upon insufficient basis, 
wherein the foundation for opposing opinion more substantial. 

The paper very largely advocacy certain instrument and 
certain method observation, together with statement the 
reasons for believing such instrument and method. happens 
that another instrument and another method embody the views the 
writer. has, therefore, seemed that the best form for this discussion 
first describe the writer’s favorite instrument and method, and 
call especial attention the most important points which they 
differ from those the author; toset forth brief the considerations. 
which led the adoption this particular instrument and method 
for use the Coast and Geodetic Survey; then call attention 
specifically certain points the paper; and close, the author 
has done, with statement the speed and cost leveling. 

Coast and Geodetic Survey Level 1900.—As this instrument, 
together with the rods used with it, has already been fully described 
Mr. Fischer, the designer the instrument, will suffice 
here call attention anew three main points. 

The instrument irreversible, and simple possible. 
will seen later that this principle coupled with the simplest pos- 
sible programme observation. 
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2d. Great care has been taken prevent errors due changes 
the relative temperature the different parts the instrument. 

3d. device for reading the bubble has been supplied which 
enables the observer stand erect all times and see the bubble and 
the rod alternately and quick succession, without moving the eye- 
balls, and without even refocusing the eye, the only change required 
being fact mere shifting the attention from one eye the other. 

This instrument, put into use the Coast and Geodetic 
Survey, radically different from the instrument used the same 
organization previous 1899, Fig. Plate XXXVI. The 1900 instru- 
ment was preceded 1899 intermediate type, illustrated 
Plate XLIV. The 1899 type was produced modifying the instru- 
ment, Fig. Plate XXXVI, redesigning the striding level such 
way bring the level vial and the line collimation the tele- 
scope much nearer together; constructing the telescope barrel, 
including the collars and the principal metallic parts the striding 
level nickel-iron alloy, having low coefficient expansion, 
about the same that pine; and providing device for reading 
the bubble similar that described fully Mr. Fischer connec- 
tion with the 1900 level. 

Though was possible reverse the telescope the 1899 level 
about its axis figure, and reverse the striding level, such reversals 
were not actually made during the course the regular leveling 
observations, but only when determining instrumental constants. 
Hence, when the non-reversing method observation had, during the 
working season 1899, been found thoroughly satisfactory every 
respect, was but logical step, designing the new instrument, 
make irreversible, and, doing so, insure greater stability the 
relative positions its parts and make its manipulation easier and 
quicker. 

Aside from the advantages which may claimed for the 1900 Coast 
and Geodetic Survey instrument over the Mendenhall instrument, 
which the author’s favorite—and also over the Kern instruments, 
which have been used extensively under the Corps Engineers— 
which have already been mentioned and which imply instrument 
maker’s office point view, the following points will especially 
appreciated the observer the field. The quotation from 
observer* who has probably run more miles precise leveling than 
any other man the United States, and whose work has been subjected 
very severe tests being involved many circuits and has been 
uniformly found the highest degree accuracy. This observer 
used Kern level until 1899. 

1900 instrument great success. using there need 
fear the effects dirt dust, the Y’s having been eliminated; 


Mr. Ferguson, formerly engaged various level lines under the Corps 
Engineers, and now Assistant the Coast and Geodetic Survey. 
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fear that the level does not ‘set there with other instru- Mr. Hayford. 


ments; fear that the wind will tilt the striding level little between 
back sights and fore sights and change the inclination; fear that 
the collars may have needed wiping; and fear that ill-directed 
motion the hand has disturbed the relation between the level vial 
and telescope, the verticality the wires. This new instrument 
about 15% quicker manipulate than the Kern level other instru- 
ments that type. leveled and made ready observe quicker 
than the other instruments, and after observing requires very little 
time put the instrument condition carried forward the 
next station. The prisms, reflecting the ends the bubble through 
the false telescope, are great comfort the observer. This device 
superior the inclined plane mirror often used for that purpose, 
for concentrates the vision the ends the bubble and shuts out 
distracting patches light and images trees and other objects 
which sometimes appeared prominent the inclined plane mirror 
that was hard read the bubble.” 

Present Method Observation, Coast and Geodetic Survey. —The 
method observation used the Coast and Geodetic Survey 1899 
indicated the following general directions which were issued 
the observers the field: 


Except when specific instructions are givento proceed other- 
wise, all lines are leveled independently both the forward and 
the backward direction. 

desirable that the backward measurement each section 
should made under different atmospheric conditions from those 
which occurred the forward measurement. especially desir- 
able make the backward measurement the afternoon the 
forward measurement was made the forenoon, and vice versa. The 
observer secure much difference conditions between the 
forward and backward measurements possible without materially 
delaying the work for that purpose. 

all sections upon which the forward and backward 
measures differ more than (in which the distance 
leveled between adjacent bench-marks, kilometers), both the forward 
and backward measures are repeated until two such measures 
fall within the limit. 

follows: 

and level the instrument. Read the three lines the 
diaphragm seen projected against the front (or rear) rod, each read- 
ing being taken the nearest millimeter (estimated) and the bubble 
being held continuously the middle the tube (i. e., both ends 
realing the same). soon possible thereafter read the three lines 
the diaphragm seen projected against the rear (or front) rod, 
estimating millimeters before, and holding the bubble contin- 
uously the middle the tube. During all observations the tele- 
scope erect and the striding level with particular leg toward 
the objective—that is, there are reversals the telescope 
striding level. 

each rod station the rod thermometer read and the 
temperature recorded. 

stations odd numbers the back sight taken 


before the back sight. 


before the fore sight, and even stations the fore sight taken 
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The maximum difference length between fore sight 
the corresponding back sight isto The actual difference 
good judgment without any expenditure time for this particular 
purpose. 

The recorder shall keep the rod intervals sub- 
tended the extreme lines the diaphragm each back sight, 
together with their continuous sum between bench-marks. similar 
record shall kept for the fore sights. The two continuous sums 
shall kept nearly equal feasible without the expenditure 
extra time for that purpose, setting the instrument beyond (or 
short of) the middle point between the back and front rods. The two 
continuous sums shall not allowed differ more than quan- 

The inequality collars shall determined the beginning 
and end each season work. 

collimation error shall once for each day 
work, set three readings the direct position and two the 
reverse position the telescope. 

error adjustment the striding level shall determined 
least twice each day work set three readings the 
ordinary position and two the reverse position. 

Notes for future use studying leveling errors shall 
inserted the record, indicating the time beginning and ending 
the work each half day; indicating the weather conditions, espe- 
cially cloudiness and wind; indicating whether each portion 
the line run toward away from the sun; and such other notes 
promise value studying errors. 

The instrument shall shaded from the direct rays the 
sun, both during the observations and the movement from station 
station. 

The maximum length sight shall 150 m., and the maxi- 
mum attained only under the most favorable 


When instruments the 1900 design were issued two the 
parties during the past season was necessary make the following 
changes these general directions account the fact that the new 
instruments are not reversible: 


The last sentence Section the general directions for precise 
leveling now unnecessary. 

place Section substitute Once during each day observa- 
tion the error the level should determined the regular course 
the leveling, and recorded separate opening the record 
book follows: The ordinary observations instrument station 
being completed, transcribe the last fore sight reading part the 
error determination, call the back rod and have placed about 
back the instrument, read the rod, move the instrument 
position about behind the front rod, read the tront rod and then 
the back rod. The rod readings must taken with the bubble the 
middle its tube. The required constant determined, 
namely, the ratio the required correction any rod reading the 
corresponding subtended interval, 


(sum near rod readings) (sum distant rod readings) 
(sum distant rod intervals) (sum near rod intervals) 
The level should not adjusted less than 0.005. new ad- 
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justment the level made, should once re-determined. Mr. Hayford. 


desirable have the determinations level error made under the 
ordinary conditions length sight, character ground, eleva- 
tion line sight above the ground, 


important note, although nothing the foregoing directions 
bears upon that point, that the usual practice the Coast and 
Goedetic Survey continuing the observations throughout the day 
was not changed. The only concession made the idea that observa- 
tions should taken only during the early morning hours late 
evening hours was, that the period rest noon was sometimes made 
unusually long. 

order obtain the actual lengths the rods while use the 
field, the practice has been have the rods measured accurately the 
Office Standard Weights and Measures, the beginning and end 
the field season, and supplement these measures tape measures 
made the field once twice month during the field season. 

The following examples the record and computation will serve 


explain the method still further: 
TABLE No. 


Date, August 29th, 1900. Sun, Forward. From 


No. station. 


> 


The explanation the symbols used after the words and 
Wind shown the bottom the computation form, Table No. 
28. The unit the record millimeter. The instrument stations 
(not turning points) are numbered consecutively throughout the day. 
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Mr. Hayford. TABLE 
Left-hand page. CoMPUTATION 
Line: Somerset, Ky., Knoxville, Tenn. 


MEAN 


roximate 
erence 


Forward 
backward. 
elevation. 
rature 
rods. 


Meters. Meters. 


1 


No. stations. 
Distance 
Rod intervals 
=B-=F 


19.0087 
15.1650 6.8087 
17.6667 10.4370 
15.5276 31.8222 
3.9339 11.8957 
4.5979 
5.8171 
29.0368 
12.5410 

.0830 
5.5510 


ANH O 


69-70 
70-71 


Abbreviations: S.=sunshine; C.=cloudy; C.=alternate sunshine and clouds, 
alternate sunshine and shade. 


Abbreviations, strength wind: S.=strong; M.=moderate; C.=calm. 


rod once placed point stays there, both for the fore sight and 
back sight, the rodman thus being front and rear rodman alternately. 
carry out the requirement the general directions that stations 
odd numbers the back sight taken before the fore sight, and 
even stations the fore sight taken first, only necessary 
remember that this equivalent the statement that one particular 
rodman must always show his rod first after each placing the instru- 
ment. The position the rod indicated the record the fore 
sight only. The temperature read the rear rodman just before 
moves forward and called out the recorder when the rodman 
passes. 

The columns headed Thread interval” show the intervals 
between the lower and middle threads seen projected the 
rod, and the middle and the upper, and finally the total interval. 
The columns headed ‘‘Sum Intervals show the continuous sum 
the total intervals, and, these values are proportional the sums 
the back-sight distances and fore-sight distances, respectively, they 
enable the observer keep these two sums nearly equal all times. 

Such portions the computation are shown the tables 
forming part the record, are kept the recorder the work 
progresses. The instrument not moved forward from any station 
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No. 28. Mr. Hayford, 
Right-hand page. 
Abbreviations, direction progress relatively sun. 45° directly 
angles toline. Thesame abbreviations also apply with reference the direction pro- 
gress relatively the wind. 
until the recorder announces that the readings that station check 
properly. The recorder uses, short method computing the 
mean the three thread readings, the fact that the difference the 


upper and lower intervals divided three the correction 
applied with the proper sign the middle thread reading give the 


this form, that for which the record given. 


mean the three. 
party which has just returned from the field after having com- 
pleted nearly 120 miles single line per month for over five months 
has turned record books the form indicated above, which 
every value has been checked applying the same process used 
the recorder. addition this the sums the mean rod read- 
ings the bottom each page have been checked adding the 
second column each page and dividing three, that these sums 

have been derived three times, and two independent processes, and 

two three different men. 
But little explanation needed connection with the computation 
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Mr. Hayford. 


TABLE 


ABSTRACT 
State, Tennessee. Instrument, Level No. Vand 


lated. 


The fifth column the left-hand page derived from the fourth 
using the sufficiently exact relation that 287 mm. subtended the 
rod corresponds 100 along the line, regardless the lengths 
the separate sights, the quantity page 811 the paper 
being ignored both the determination the stadia constant and 
its use. 

The corrections for curvature and refraction shown the first col- 
umn the right-hand page are those due the differences corre- 
sponding fore sights and back sights, correction being necessary 
when the corresponding sights are exactly equal. The correction only 
becomes appreciable occasionally, and may applied very quickly 
the use properly prepared tables and rapid inspection the rec- 
ord books. seldom exceeds 0.1 mm. under actual conditions. 
important note that this the main correction for curvature, 
quantity which not uncertain, the uncertain refraction being upon 
average about one-eighth great the curvature. 

The level correction shown the second column the right-hand 
page equal the constant (defined the general directions for 
leveling) times the value the sixth column the left-hand page. 
This correction will very seldom exceed 0.3 mm. under actual condi- 
tions, and will sensibly zero for most sections. 

The third column gives the correction due the excess length 
the rod zero degrees, this particular rod being 0.28 mm. too long 
each meter. The examinations the rods made the office show that 
the error graduation is, with sufficient accuracy, proportional the 
distance along the rod. The next column gives the correction due 
the expansion the rod from zero the temperature observation, 
computed with the known coefficient expansion the rods, namely, 
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No. 29. Mr. Hayford. 


No. Distance from 


No. Elevation above. Locality. 
m. 
110.585 
111.887 
113.941 406 .8523 Stone post Sunbright, Tenn. 
115.730 
404.3001 
120.492 
0.000004 per degree Centigrade. The sum the thethird 


and fourth columns any line gives the correction due the excess 
length the rod the temperature observation. Forthese par- 
ticular rods, which are zero, the correction each 
these columns will always have the same sign the measured differ- 
ence elevation. 

The last four columns this form are for use whenever special 
studies are determine possible the sources the prin- 
cipal errors leveling. order note the last column that 
the time the backward and forward runnings any section have 
fixed relation each other. The two runnings are sometimes made 
the same day, sometimes different days, and some instances 
they both occur the forenoon, other times both the afternoon, 
and frequently they occur opposite halves the day. Any long 
portion the line will show corresponding forward and back meas- 
urements having all possible relations each other the time 
day. 

Table No. abstract results, and essentially summary 
and combination the values derived the computation form. The 
first form, Table No. 23, discontinuous, showing results from sep- 
arate sections, while this abstract, Table No. 29, continuous, and 
substantially the form which the results are published. 

The discrepancies between the forward and back lines are shown 
the last two columns the left-hand page. The dis- 
slightly less than per kilometer line run. may re- 
marked that the total discrepancy had only increased mm. the 
end the line, km. farther on. 
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TABLE No. 30.— 8.20 28TH, 1900. 
Left-hand page. 


Right-hand page. 


Thread Rod and Thread 
Thread Thread 
readin, Mean. tempera-| reading Mean. 
station. sight. fore sight. interval. 
0461.7 419 1528.3 
2816.6 
Corr. for curv. and ref. 0.8 2817.9 
867) 


Table No. sample the record and computation the de- 
termination the constant expressing the relation between the 
tangent the level vial its middle point and the pointing line 
the telescope, will understood without difficulty reference tothe 
statement the method determination Cin tke general direc- 
tions for leveling, and noting the way which quantities have 
been transferred from the right-hand the left-hand page and vice 
versa. The correction 0.8 mm. for curvature and refraction 
applied the sum the two distant rod readings, the correction for 
either one being 0.4mm. The curvature not appreciable for the 
near rod readings. 

Contrast Methods.—A comparison the present Coast Survey 
method, just described, with the author’s method, indicated pages 
866 and 871, will show that there just twice much observing per 
station the latter method the former, the three lines the 
reticule being read against each the rods twice the author’s 
method and only once the Coast Survey method. still more 
important note, however, that there much less manipulation 
required the Coast Survey method than the other, the additional 
manipulation the author’s method being each station the placing 
the striding level position and taking off again after observa- 
tion, reversing the striding level twice and reversing the telescope 
twice each station. the writer’s opinion that the additional 
time spent the station for these additional observations and addi- 
tional manipulations tends reduce the accuracy the observations 
increasing the magnitude all errors which are function the 
elapsed time the station, the most prominent which are errors 
due changes temperature the instrument. addition this 
probably true, general proposition, that the more instru- 
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ment handled during set observations the less accurate are the Mr. Hayford. 
results obtained. 

the author’s method reliance placed upon reversals the 
telescope and striding level eliminate the instrumental errors. 
the Coast Survey method reliance placed definitely upon the near 
equality corresponding fore sights and back sights. The correc- 
tions which result from the small measured differences correspond- 
ing sights are found small that hardly worth while 
apply them. The time spent applying these small corrections and 
determining the constant each day the field probably little 
more than that required the author’s method for the thousands 
reversals the striding level and telescope the field. 

Other points contrast between the two methods will touched 
upon later this discussion. 

Reason for Change Coast and Geodetic Survey Method Leveling.— 
Beginning with the year 1899 the Coast and Geodetic Survey has used 
radically different method leveling from that which had previously 
been followed that organization for many years. important, 
therefore, that the reasons for this radical change should made 
known. 

The old method observation* fulfilled the author’s doctrine that 
the method leveling becomes more complicated and requires more 
painstaking proportion the accuracy required (page 784), and 
that most reliable results precise leveling are undoubtedly 
obtained careful and systematic observations designed 
prevent and eliminate errors directly the observations.” The 
method involved the use target rod, and that respect was radi- 
cally different from the author’s method, but closely resembled 
that both the striding level and the telescope were reversed during 
the readings upon each rod each station. The amount observing 
each station exceeded considerably that necessary the author’s 
method. fact, the method advocated the author may said 


mean degree complication and the number readings 
required each station between the old method and the 

the number connections the level lines run the old 
method with tidal determinations, with other level lines the 
same kind, and with level lines run other organizations, increased, 
became more and more evident that the real accuracy such level- 
ing had been greatly overestimated; and that the internal evidence 
the observations furnished the agreement the two more 
runnings the same section with each other was entirely fallacious 
indication the accuracy. 1898 much evidence this kind 


211, and again Appendix No. the Rep. for 1898-99, pp. 416-4 
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had accumulated that there could doubt the desirability 
special investigation determine where the difficulty lay. 

November 29th, 1898, the Superintendent the Coast and 
Geodetic Survey appointed committee four* consider the sub- 
ject precise levels and particular investigate The accuracy 
various methods, their relative freedom from systematic errors, and 
their relative quickness, cheapness and facility reduction the 
This committee met for three four hours nearly 
every working day from that date until their report was submitted 
February 9th, 1899. All the results precise leveling published 
that date the United States were examined, well much 
the general American literature the subject precise leveling, and 
some the principal European publications the same subject. 
For their convenience all the levels illustrated the author’s paper 
were brought Washington for direct examination. 
this extensive study the facts the form published results and 
the various opinions individuals expressed the literature 
examined, and direct examination the instruments advocated 
various parties, the committee made almost unanimous recommenda- 
tions which led the abandonment the old method leveling and 
the modification the instrument itself. Two the main conclu- 
sions reached the committee and upon which their 
tions were based were that the principal errors the old Coast and 
Geodetic Survey leveling were systematic temperature errors follow- 
ing certain law, which stated more fully further on, and that the 
leveling the Corps Engineers with Kern instruments and very 
simple method observation was least high degree 
accuracy that the using much more complicated 
and laborious method observation and computation. 

Adjustment the Precise Level Net.—It fell the lot the writer, 
his regular duties, during the first half the present 
year, direct the compilation the results precise leveling the 
eastern half the United States, and the adjustment the compli- 
net-work formed such lines. the course the work 
compilation some new information became available addition 
what the committee had used. Before making the final adjustment 
the net was necessary review carefully the work the com- 
mittee, re-examine the evidence which they had considered, and 
study the new evidence and test the conclusions the committee 
every possible way. was the highest importance making the 
adjustment that the relative accuracy the different kinds leveling 
should ascertained, and that the systematic errors each kind 
leveling should specially investigated. The investigation thus 
made a-preliminary-to the adjustment the level the 
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committee’s conclusion fully regard the systematic temperature Mr. Hayford. 


error affecting the old leveling, and showed incidentally 
that the work done the Corps Engineers was very much 
higher degree accuracy than the old work done the Coast and 
Geodetic Survey. thus furnished new evidence that the recom- 
mendations the committee regard change method and 
instrument were correct. the time the adjustment was made three 
parties had already completed season’s work with the modified level 
and the new method and these results were also available. 

The net-work precise leveling resulting from the compilation, 
and which was adjusted, shown Plate XLVII. The line symbols 
indicate the organization which did the work and general way the 
kind leveling involved. The figures inside each circuit show the 
closing error the circuit and the circumference the circuit not 
including water leveling along tidal waters. plus value for the 
closing error the circuit indicates that the elevation, carried contin- 
uously around the circuit counter-clock-wise direction, too great 
the closing point. The approximate closing error, expressed 
millimeters per kilometer, can obtained glance dividing the 
upper value each circuit the lower. 

argument needed show that secure the highest possible 
degree accuracy the elevations assigned the 4000 bench-marks 
connected with this net must treated whole, and not 
aggregation separate lines, has been the past. evident 
that the errors closure should distributed make 
all the closures disappear and make all lines agree junction points. 
The best method used making such adjustment not self- 
evident. matter judgment rather than fact. After 
exhaustive study the matter was decided use the least-square 
process adjustment but supplementit and check the assumptions 
upon which based frequently possible other methods 
investigation. 

the Coast and Geodetic Survey Report for 1898-99 given full 
statement the compiled facts and such full statement the 
processes adjustment will enable any engineer judge for him- 
self the trustworthiness the results. This will especial 
value the engineer who interested precise leveling, such. 
For the engineer who interested the results rather than the 
processes there also given complete list the adjusted elevations 
more than four thousand permanent bench-marks connected with 
the level net and also list such short descriptions these bench- 
marks will enable the engineer find them. These two lists are 
for convenience provided with alphabetical index. This appendix* 
was the date writing (Oct. 29th, 1900) the hands the printer, 
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and was expected that would ready for distribution Novem- 
ber, 1900. Any interested engineer may obtain copy writing 
the Superintendent the Coast and Geodetic Survey, Washington, 

The Temperature Error the Old Coast and Geodetic Survey Leveling. 
character and amount the temperature error discovered 
the old leveling special interest this discussion 
because the author concedes that the errors due temperature and 
atmospheric conditions are among the most dangerous errors 
encountered precise leveling (pages 812, 843 and 893) and because 
his method and instrument seem leave the way open such errors. 

The committee report, confirmed later investigation, indicates 
1899, always tipped with reference the true horizontal surface, 
the rotation being about line 12° north west south east and 
the inclination being such that the southwestern part the surface 
too low and the northeastern part the surface too high, regardless 
the direction which the leveling actually According 
this law level line running direction about 12° east 
north will give elevations which run too low maximum rate; 
line the opposite direction will run too high maximum rate; 
and the two directions right angles, namely, 12° north west 
and 12° south east line will not subject systematic tend- 
ency run either too high too low. may well note here 
that error this form will not detected re-running the line 
the opposite direction, for the forward line runs too high going 
southwestward, say, the backward line running the northeastward 
will run low the same amount, and the two lines will show diver- 
gence. 

The proofs for this law, brought forward the committee, did not 
involve any use the principles least squares. They were based 
simply upon the discrepancies developed when lines were run between 
tide gauges between points connected independently other lines 
levels run some other method. The main reliance was course 
placed upon the first line evidence. 

Several preliminary adjustments the precise level net were made 
before final adjustment was attempted. These preliminary adjust- 
ments showed that the lines persistently needed corrections 
accordance with the law error stated above. The same tests 
were also applied the committee, and again the preliminary ad- 
justments, the leveling the Corps Engineers, and every case 
indicated that there was appreciable systematic error the Engi- 
neer Corps leveling corresponding that the leveling. 

might contended that the evidence thus furnished the pre- 
liminary adjustment was not valid, involved the assumption that 
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had accumulated that there could doubt the desirability 
special investigation determine where the difficulty lay. 

November 29th, 1898, the Superintendent the Coast and 
Geodetic Survey appointed committee four* consider the sub- 
ject precise levels and particular investigate The accuracy 
various methods, their relative freedom from systematic errors, and 
their relative quickness, cheapness and facility reduction the 
observations.” This committee met for three four hours nearly 
every working day from that date until their report was submitted 
February 9th, 1899. All the results precise leveling published 
that date the United States were examined, well much 
the general American literature the subject precise leveling, and 
some the principal European publications the same subject. 
For their convenience all the levels illustrated the author’s paper 
were brought Washington for direct examination. result 
this extensive study the facts the form published results and 
the various opinions individuals expressed the literature 
examined, and direct examination the instruments advocated 
various parties, the committee made almost unanimous recommenda- 
tions which led the abandonment the old method leveling and 
the modification the instrument itself. Two the main conclu- 
sions reached the committee and upon which their recommenda- 
tions were based were that the principal errors the old Coast and 
Geodetic Survey leveling were systematic temperature errors follow- 
ing certain law, which stated more fully further on, and that the 
leveling the Corps Engineers with Kern instruments and very 
simple method observation was least high degree 
accuracy that the using much more complicated 
and laborious method observation and computation. 

Adjustment the Precise Level fell the lot the writer, 
his regular duties, during the first half the present 
year, direct the compilation the results precise leveling the 
eastern half the United States, and the adjustment the compli- 
net-work formed such lines. the course the work 
compilation some new information became available addition 
what the committee had used. Before making the final adjustment 
the net was necessary review carefully the work the com- 
mittee, re-examine the evidence which they had considered, and 
study the new evidence and test the conclusions the committee 
every possible way. was the highest importance making the 
adjustment that the relative accuracy the different kinds leveling 
should ascertained, and that the systematic errors each kind 
leveling should specially investigated. The investigation thus 
made a-preliminary-to the adjustment the level confirmed the 
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error affecting the old leveling, and showed incidentally 
that the work done the Corps Engineers was very much 
higher degree accuracy than the old work done the Coast and 
Geodetic Survey. thus furnished new evidence that the recom- 
mendations the committee regard change method and 
instrument were correct. the time the adjustment was made three 
parties had already completed season’s work with the modified level 
and the new method and these results were also available. 

The net-work precise leveling resulting from the compilation, 
and which was adjusted, shown Plate XLVII. The line symbols 
indicate the organization which did the work and general way the 
kind leveling involved. The figures inside each circuit show the 
closing error the circuit and the circumference the circuit not 
including water leveling along tidal waters. plus value for the 
closing error the circuit indicates that the elevation, carried contin- 
uously around the circuit counter-clock-wise direction, too great 
the closing point. The approximate closing error, expressed 
millimeters per kilometer, can obtained glance dividing the 
upper value each circuit the lower. 

argument needed show that secure the highest possible 
degree accuracy the elevations assigned the bench-marks 
connected with this net must treated whole, and not 
aggregation separate lines, has been the past. evident 
that the errors closure should distributed make 
all the closures disappear and make all lines agree junction points. 
The best method used making such adjustment not self- 
evident. Itis matter judgment rather than fact. After 
exhaustive study the matter was decided use the least-square 
process adjustment but and check the assumptions 
upon which based frequently possible other methods 
investigation. 

the Coast and Geodetic Survey Report for 1898-99 given full 
statement the compiled facts and such full statement the 
processes adjustment will enable any engineer judge for him- 
self the trustworthiness the results. This will especial 
value the engineer who interested precise leveling, such. 
For the engineer who interested the results rather than the 
processes there also given complete list the adjusted elevations 
more than four thousand permanent bench-marks connected with 
the level net and also list such short descriptions these bench- 
marks will enable the engineer find them. These two lists are 
for convenience provided with alphabetical index. This appendix* 
was the date writing (Oct. 29th, 1900) the hands the printer, 
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and was expected that would ready for distribution Novem- 
ber, 1900. Any interested engineer may obtain copy writing 
the Superintendent the Coast and Geodetic Survey, Washington, 

The Temperature Error the Old Coast and Geodetic Survey Leveling. 
character and amount the temperature error discovered 
the old leveling special interest this discussion 
because the author concedes that the errors due temperature and 
atmospheric conditions are among the most dangerous errors 
encountered precise leveling (pages 812, 843 and 893) and because 
his method and instrument seem leave the way open such errors. 

The committee report, confirmed later investigation, indicates 
1899, always tipped with reference the true horizontal surface, 
the rotation being about line 12° north west south east and 
the inclination being such that the southwestern part the surface 
too low and the northeastern part the surface too high, regardless 
the direction which the leveling actually According 
this law level line running direction about 12° east 
north will give elevations which run too low maximum rate; 
line the opposite direction will run too high maximum rate; 
and the two directions right angles, namely, 12° north west 
and 12° south east line will not subject systematic tend- 
ency run either too high too low. may well note here 
that error this form will not detected re-running the 
the opposite direction, for the forward line runs too high going 
southwestward, say, the backward line running the northeastward 
will run low the same amount, and the two lines will show diver- 
gence. 

The proofs for this law, brought forward the committee, did not 
involve any use the principles least squares. They were based 
simply upon the discrepancies developed when lines were run between 
tide gauges between points connected independently other lines 
levels run some other method. The main reliance was course 
placed upon the first line evidence. 

Several preliminary adjustments the precise level net were made 
before final adjustment was attempted. These preliminary adjust- 
ments showed that the lines persistently needed corrections 
accordance with the law error stated above. The same tests 
were also applied the committee, and again the preliminary ad- 
justments, the leveling the Corps Engineers, and every case 
indicated that there was appreciable systematic error the Engi- 
neer Corps leveling corresponding that the leveling. 

might contended that the evidence thus furnished the pre- 
liminary adjustment was not valid, involved the assumption that 
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the Gulf Mexico the same elevation the Atlantic, whereas 
has been claimed that considerably above. desirable, there- 
fore, obtain some check the reality the systematic error which 
independent any such assumption. the level net shown 
Plate XLVII there are eighteen circuits, which the level- 
ing previous 1899 form part only, the remainder being either spirit 
leveling some other kind water levels. Only one these circuits, 
namely, that given the level lines from St. Augustine Cedar 
Keys, Fla., and the water levels from Cedar Keys St. Augustine 
through the Straits Florida, has closing error which affected 
the assumption the relative elevation the Gulf and the 
Atlantic. The remaining seventeen closures are independent any 
such assumption. these seventeen, fourteen have closing errors 
the sign which would accounted for assuming that the closing 
error each case due entirely the above systematic error the 


portion the circuit run the previous 1899. ad- 


ditional circuit has since been closed which also agrees with the four- 
teen, making all fifteen cases out eighteen. For example, the 
circuit, Cairo—Odin—St. Louis—Cairo, the eastern and northern sides 
the circuit were run the According the law the 
supposed systematic error the line from Cairo St. Louis, via Odin, 
should run considerably low, causing the closing error the circuit 
negative. The actual closing —227 mm. and the circum- 
ference the circuit 570 km. 

The reality the supposed law systematic error having been 
satisfactorily established purely inductive method, without refer- 
ence any theory its cause, the next step making the adjust- 
ment the level net was derive numerical expression for the 
error and apply the proper corrections the various lives. was 
found that the correction the elevations line running 12° west 
south was —1.25 mm. per kilometer, and that was +1.25 mm. per 
kilometer the opposite direction. For line running any other 
direction the correction required proportional the cosine the 
angle between the line and the direction stated above. This maximum 
correction 1.25 mm. per kilometer corresponds vertical angle 
only 0.33 second arc, less than one-sixth division the 
level vials ordinarily used, one division being from seconds. 
The minuteness this correction should kept mind when con- 
sidering the possible explanation given below. 

will probably conceded, all who are familiar with instru- 
ments precision, and with the particular instruments herein de- 
scribed and the conditions under which they are used the field, that 
unequal though small changes temperature are continually taking 
place different parts the leveling instrument while use; that 
these unequal changes temperature produce continual small 
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Mr. Hayford. changes the relative positions the different parts the instru- 


ment; that all portions the instrument the side from which 
the greatest amounts heat are being received tend assume 
higher temperatures than those the opposite side, and that gen- 
eral the instrument receives more heat from the side toward the sun 
any given time than from other directions, even though the imme- 
diate source heat not the sun (from the direct rays which the 
instrument always protected), but the inner surface the tent 
umbrella, the surrounding ground, etc. Changes the kind just 
outlined occurring parts the instrument which are below the line 
collimation the telescope can shown have but little 
ence upon the final results, since they affect both the line collima- 
tion and the level vial alike, and may considered simply 
encing the stability the instrument. 

the contrary, similar changes taking place above the line 
collimation the telescope can shown have marked system- 
atic and cumulative effects. 

One effect unequal changes temperature occurring above the 
line collimation change the angle between the tangent the 
level vial its middle point and the line collimation. soon as. 
the telescope and striding level are placed given position the 
parts which are toward the source heat (the sun) tend assume 
higher temperature than the opposite parts, and the effect the 
unequal expansion the collars the telescope and the legs the. 
striding level, and distortion the vial cause the 
bubble crawl slowly toward the source heat. Thus the bubble 
always tends nearer the sun than would all parts the. 
instrument were always the same temperature. The ultimate effect 
this make the corrected rod reading too small when taken upon 
rods toward the sun from the instrument, and make readings taken 
upon rods away from the sun These errors combine their 
effect upon the computed elevations, and tend make the elevations 
carried toward the sun too great, and vice versa. 

may remarked passing that this explanation also applies to. 
the author’s method leveling. bubble tends crawl toward 
the sun account expansion the sun-ward end the striding 
level and the sun-ward collar, and account direct distortion 
the level vial, and held back from such movement use the 
micrometer screw when taking readings rod toward the sun, the 
rod reading necessarily too small, the line sight having been 
inclined downward the act holding back the bubble. The 
reverse will true reading upon rod away from the sun. These 
errors will combine indicated above and make all elevations carried 
toward the sun too great, and vice versa. 

this explanation quantitatively sufficient account for system- 
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atic errors which were found the old leveling? the mr. Hayford. 


laws corresponding this explanation agree with the actual results 
the leveling? the first question may stated that the 
changes temperature required are exceedingly small, differences 
less than 0.1° Cent. between the two collars two legs the striding 
level being sufficient account for per kilometer. The follow- 
ing paragraphs are given response the second question. 

During the progress the leveling along given line the sun 
steadily changing azimuth during each day and the temperature 
error present under consideration necessarily undergoing corre- 
sponding changes. The temperature error remaining the final 
result from long line levels should that corresponding the 
average direction the level line and the average effective azimuth 
the sun during the hours observation. This average effective 
azimuth will be, for work, little west south, both 
because the afternoon period observation upon average 
slightly longer than the forenoon period and because the amount 
heat reflected from the ground and other objects toward the instru- 
ment from the direction the sun will much greater during the 
comparatively dry afternoon hours than during the moist morning 
hours. This agrees with the fact stated above that the maximum sys- 
tematic correction occurs average for line 12° west south 
east north. 

These systematic temperature errors should expected 
much smaller cloudy than sunny weather; much smaller 
line run the shade trees over grass than line unshaded 
from the sun over the bare ballast the railroad track; should 
expected depend intimately upon the care taken protect the 
instrument from the sun and from heat from surrounding 
objects; and should expected increase the length time that 
the instrument stands the station increased. The resulting sys- 
tematic errors various lines due this cause will, therefore, 
expected vary widely magnitude. 

certain the lines run the previous 1899 the 
double simultaneous method was used. these lines the two rods 
were usually known Pand One the double lines was run 
entirely with the and the other with the rod, and each 
instrument station all readings upon the rod were taken before the 
corresponding readings the rod. The observations the line 
were, therefore, always taken than those the line, and the 
above theory regard the temperature correct should 
true that upon average the line should have larger error 
than the line, the differences temperature having had more time 
accumulate before the observations were made. happens that 
there are four such lines, aggregating total length 000 km., for 
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which the corrections are known with considerable accuracy. each 
these cases the line farther from the truth than the line, and 
the errors both lines have the same sign, accordance with the 
theory advocated. 

the line always farther from the truth than the line, the 
divergence between the and lines should systematic with re- 
spect the direction the line, just the error either one sys- 
tematic with respect direction, that is, the sign the discrepancy 
should plus for line running alittle east north and minus 
for aline the opposite direction, and should approach zero for 
line running nearly right angles. further test upon the theory 
this supposition was examined all the available lines leveled this 
manner, nearly 400 km. all, and 57% showed discrepancy P—Q 
agreement with the theory, and disagreed. The discrepancies 
those lines which agreed with the theory were about three times 
large those which disagreed. 

still further test this same matter the relation the discrep- 
ancy and the direction the line was made examining the 
same lines separating them into sections points where there 
were marked changes the general direction, and comparing the rate 
divergence the and lines each section with the rate 
divergence the preceding and following section. the theory 
advanced correct, whenever the direction the line changes 
such way approach the direction 12° west south the minus 
rate the divergence between the two lines should increase; and 
the change direction such make approach 12° east 
north, the plus rate divergence should increase. The examination 
showed that 82% the leveling examined agreed with the theory, 
and only 18% disagreed. 

important note that the magnitude this systematic cor- 
rection has been determined treating several thousand kilometers 
leveling done under ordinary conditions, and that the above in- 
direct tests the theory are also based upon thousands kilometers 
such leveling. The conclusions just stated must, therefore, 
given heavy weight comparison with any deductions from few 
experimental observations over short lines and covering but few days 
hours. 

important note that the same tests being applied the 
leveling the Corps Engineers, which simple method was 
used involving but short observing period each station, failed 
indicate any appreciable systematic temperature error. The 
author’s method observing intermediate between the old 
method and the Engineer method, and the writer, therefore, 
believes that his leveling probably subject systematic tempera- 
ture error which considerably smaller than that the old 
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such warrant the supposition that temperature error the 
kind indicated must exist the results. 

The reason for the extraordinary efforts eliminate possible the 
temperature error, designing the new instrument, should now 
apparent. The substitution the nickel-iron alloy, with coefficient 
expansion about small that pine, the place the bell- 
metal and brass formerly used the construction the telescope 
and striding level, the increased protection the level vial 
into the telescope and surrounding dead-air 
space enclosed heavy metal and glass walls, and the placing the 
level vial close possible the line collimation, are all features 
designed eliminate the temperature error the 1900 instrument. 
The notes indicated the last four columns the form shown 
Table No. 28, were taken for the express purpose determining 
whether the temperature error was still appreciable the new level- 
ing. the forward and backward runnings certain section 
the line were made such times that both cases the direction 
progress was directly toward the sun, the effect the temperature 
error being make both lines run high toward the sun, the discrepancy 
between the two runnings would tend the minus sign. 
Similarly, both cases the leveling progresses away from the sun, 
the sign should plus. short, the temperature error 
still existed should possible predict the sign the divergence 
for certain cases, and the actual signs and magnitudes the 
discrepancy might, therefore, used detect the temperature 
error. Such was applied carefully and detail each the 
three lines run 1899. indicated thut even with the instrument 
the intermediate type used during that year the temperature error, 
existed all, was small escape detection. 

This particular form test was not available connection with 
the old leveling, because the necessary notes time 
day and direction the line and weather conditions were not taken. 

Minor Comments.—The writer agrees completely with the author 
regard the desirability simultaneous reading the rod and 
bubble when desired obtain either accurate rapid observa- 
tions (page 824). The writer also agrees with the comment made 
the Freuch bubble-reading device (page 791) the effect that does 
not accomplish satisfactorily the primary object for which was 
designed, namely, enable the reading the bubble and rod 
made simultaneously. may noted that the reading device the 
1900 level makes the reading the rod and bubble 
nearly simultaneous possible, being constructed that the 
distance the eyepiece the telescope and the eyepiece the 
reading device adjustable fit the distance between the eyes the 
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Mr. Hayford. observer using it; the focus the reading device adjustable and 


movement the eyeballs necessary when the attention changed 
from the rod the bubble. the opinion the writer, the inclined 
mirror does not accomplish the purpose well the 1900 reading 
device, for the reason that the observer must change the direction 
his line sight looking from the image the bubble the mirror 
the rod, vice versa; that likely troubled distracting 
images surrounding objects the inclined mirror, and that the 
observer forced hold his head such position that the two eyes 
are nearly the same vertical plane. must, therefore, hold his 
head one side, and forced set the instrument several inches 
lower than necessary when using reading device which allows him 
stand natural erect position. 

The author’s point, that the ordinary very imperfect 
principle and not conducive quick work, seems well taken (pages 
787, plan used all precise levels, mounting the tele- 
scope such way that controlled micrometer screw under 
the eye end, conducive rapid work, and may introduced 
advantage ordinary instruments. The samestatement true the 
various devices for reading the bubble without moving away from the 
eye end the telescope. The use rod speak- 
ing rod” the place rod also conducive rapidity. 
The writer believes that any class leveling can done more rapidly 
with the 1900 level, instrument the same type 
provided with less sensitive vial for rough work, and using direct- 
reading rods, than can done with the ordinary Y-level and target 
rod. The observer will usually read the three lines against the rod 
much more quickly than can indicate toa rodman the point 
which the target must placed obtain the same accuracy. The 
manipulations the instrument can certainly made more rapidly. 
support this opinion, attention called the statements the 
actual performances the 1899 and 1900 levels given 
under the heading Speed and Accuracy Coast and Geodetic Survey 
Leveling, Page 1156. 

The author considers the fact that the horizontal axis the Men- 
denhall instrument, about which the telescope rotates under the 
action the micrometer screw, intersects the vertical axis the 
instrument, advantage, and implies (pages 789, 790 and 794) that 
when the horizontal axis not located there are appreciable changes 
the between corresponding fore sights and back 
sights account the re-leveling. This argument against placing 
the horizontal axis the usual position has frequently been advanced 
observers notice the beginning the day’s work the reading 
the micrometer head for which the telescope right angles the 
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the bubble the level will remain fixed position when the instru- 
ment reversed azimuth after being accurately leveled up. After 
once getting this reading mind, and will ordinarily remain 
constant within two three divisions the micrometer all day long, 
places the micrometer that reading when the instrument set 
and then finds that when the change made from the back sight 
the fore sight, vice versa, that the reading the micrometer head 
needs changed something less than ten divisions and often 
not more than two three. the total change even great 
eleven divisions, corresponding about seconds the 
height the instrument changed about one-seven-thousandth 
the distance from the vertical axis the horizontal axis, or, the 
case the 1900 level, about mm., quantity which negligible 
for single station, especially likely the contrary sign 
the same sign the next station. guard against this very small 
and compensating error introducing new difficulties for the instru- 
mentmaker requiring him make the vertical and horizontal axes 
intersect seems error judgment. 

Figure page 806 and the two paragraphs following contain 
unimportant mistakes which are puzzling the reader until finds 
that they are simply blunders. The only ray light passing through 
the optic center which suffers refraction is, course, the pass- 
ing along the line the figure, which enters and emerges from 
the lens along normals the surfaces. Any other ray passing through 
the optic center, such the ray refracted each sur- 
face, but passes out along line parallel the original direction the 
ray. Thestatement the first paragraph the top page 807 makes 
two separate rays light and passalong the same path 
within the lens, and different paths outside, impossible case. 

Table No. given show that the effect solar attraction 
indicated the author’s leveling 1898 and 1899, the solar attrac- 
tion were appreciable there should large preponderance 
signs Group that table, and plus signs Group while 
Groups and should each show well-marked preponderance 
eithersign. matter fact, the preponderance signs Groups 
and more marked than and and does not seem 
reasonable, therefore, assert that the table contains any evidence 
solar attraction. 

The author maintains that reversible striding level absolute 
necessity precise leveling instrument, states, his reason, 
that ‘‘no reliance should placed the capability level tube 
for holding its horizontal adjustment,” and, that The only rational 
elimination this error can accomplished taking observations 
for each sight with the level tube direct and reversed,” Such state- 
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Mr. Hayford. ment indication the quality the particular instrument with 


which the author most familiar. TheC. not behave 
the manner indicated. One the 1900 levels was carefully put 
adjustment Washington July, 1900, and shipped express 
point Kentucky. The observer there, beginning work with it, 
found still adjustment. began his observations July 
24th without having touched adjusting screw and continued without 
making any adjustment until September 7th. During that period the 
value never exceeded 0.005 until September 7th, when jumped 
+0.015. The for means that the line tangent the level 
vial its middle point makes angle approximately seconds 
with the pointing line the telescope. The instrument was adjusted 
September 7th and from that time until October 20th exceeded 
0.005 only once, and then was found 0.006, only. The mean value 
(algebraic) during the period September 8th October 20th was 
larly every day which observations were made. equals 0.005, 
the correction due this error adjustment when the difference 
fore sight and the corresponding back sight m., that being the 
maximum difference allowed, only 0.1mm. the computation 
proposed apply the corrections whenever appreciable, upon the 
assumption that the error constant for one day When 
the total range variation the adjustment does not exceed seconds 
are for weeks time, this instrument, and the test the 
adjustment made every day and various hours the day, will 
‘the author contend that the accuracy the leveling has been appreci- 
ably decreased substituting such fixed level for the striding level? 

The other 1900instrument behaved nearly, but not quite, well 
this one. the levels, which was still use 
during the present year, shows similar behavior. wasin use from 
May 8th September 12th, during which time 225 miles double 

‘line leveling were completed. Its error adjustment was deter- 

mined twice during each day observations. was adjusted only 
once during the season. The adjustment exceeded 3.4 seconds 
only six times during the whole season. 

Especial attention called (pages 828-829) the necessity ac- 
curately centering the objective and insuring that the sliding tube 
carrying the eye end moves astraight line. This is, course, more 
important for level telescope the non-reversible type used the 
1900 instrument than for the reversible type telescope. 
necessary insure within certain limits the non-reversible tele- 
scope that the point the reticule defined the middle thread, 
the mean the three threads, moves straight line passing 
through the optical center the objective during the process focus- 

‘ing. little investigation shows that not difficult secure this 
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condition, within the required limits, the instrument shop. Mr. 


important, however, note that when the reticule such non- 
reversible telescope has once been adjusted the proper position, that 
this adjustment must not disturbed the field. All field adjust- 
ments must made moving the level vial and not moving 
the reticule. 

page 838, possible heaving settling the instrument 
rods, explanation the systematic differences often noted be- 
tween forward and backward lines, dismissed quickly without 
adequate discussion. apparently assumed that the turning 
point pins ‘‘are scarcely susceptible any heaving settling 
cient magnitude readable with instrument, even very 
short range,” that proved that appreciable systematic errors 
can arise from the cause under consideration. The systematic 
divergences between forward and backward lines, which have been 
accounted for frequently the literature leveling having resulted 
from rising settling the rod supports the instrument, have 
seldom exceeded per kilometer line run, and have more 
frequently been less than 0.1 mm. per kilometer than more. ac- 
count for error 0.1 mm. single kilometer, supposing that 
there are seven stations (average sight m.), assumed that 
each rod support (7) and each instrument support (7) had systematic 
tendeney settle (or rise), requires that each movement should 
average 0.007 mm. they are allof the same sign. This quantity 
not readable with leveling instrument, but sufficient produce the 
error for which explanation sought. assert that the rod and 
instrument supports are not subject changes that 
assert that they have exceedingly high and improbable degree 
stability. account for error 0.25 mm. kilometer 
movements the rod supports alone, the systematic movements 
the instrument being eliminated the method observation, which 
the case half the fore sights-are taken before the corresponding 
back sights, requires systematic settling (or rising) less than 0.04 
mm. each point, quantity which still not readable the rod 
with the leveling instrument. not true that this source error 
sufficiently dangerous make imperative that all lines should 
run both the forward and backward direction and the mean taken, 
the highest degree accuracy desired? 

The requirement, stated without modification page 857, that the 
recorder and the rodmen leveling party should college 
graduates least open question. The computation required 
the recorder consists simply adding and subtracting, and dividing 


two three. essential that should bea man who careful 


and conscientious, and who can make such simple computations are 
required him with accuracy and rapidity. The rodmen must 
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Mr. Hayford. youths, who will take interest the work and obey orders. 


All must willing hurry, and each must have the physique stand 
the work and the stomach stand the changing fare. These qualities 
can found without difficulty among those who have never been 
college, and require such education surely arbitrary. 

page 860 the statement made that ‘‘On some recent Govern- 


ment work, system single lines has been adopted with the expecta- 
tion checking closing the work leveling large polygonal 


lines forming 

This statement followed prediction the errors which 
would develop such case. The only recent work, within the 
writer’s knowledge, which has been done the manner stated por- 
tion line run 1899 between Gibraltar, Mich., the west end 
Lake Erie, and Cincinnati, Ohio. Three different portions this line 
were run long loops leveling continuously southward along one 
railroad and then returning the starting point along another 
parallel railroad canal towpath. each case the leveling was 
carried continuously counter-clock-wise direction around the cir- 
cuit single line. The lengths the separate circuits were km., 
112 km. and km., and the errors closure were respectively —4.9 
mm., +9.0mm. and Moreover, these three circuits were 
broken into smaller circuits six cross-lines points where the two 
railroads, the railroad and towpath concerned, drew near 
These cross-lines failed develop the existence any serious local 
undulations,” the nine small circuits showing the same absurdly small 
closures the three large circuits. interesting note that the 
observer this line believes most thoroughly that the principal cause 
systematic tendency run high (or low) usually the settling 
rising rod supports. 

objected that the paraffining level rods causes the 
wood become soft, prevents the perfect adhesion paint and 
increases the coefficient expansion 50% (page 795). The Coast 
and Geodetic Survey has had paraffined rods continuous use since 
1895, and its experience does not justify any one these criticisms, 
The strongest objections paraffined rods seem come from those 
who have used them but little, all, from instrument makers 
who are not disposed take novelty. 

The symmetrical cross-section the rod which used the 
has decided advantage over the T-shaped cross-section, that 
the rod less likely warp. has the apparent disadvantage 
affording too narrow front surface for any complicated graduation. 

The discussion pins versus foot-plates dismissed with single 
sentence (page 800), upon the ground that the foot-plates are con- 
sidered entirely out date.” Foot-plates are still use the 
and Geodetic Survey, and have been continuously use for many 
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years. The discussion pins versus foot-plates will probably Hayford. 


endless one, good points both sides the argument. 
the opinion the writer that but little error the ultimate 
results can credited either the foot-plate the pin, provided 
each section the line run both the forward and backward direc- 
tions independently and the mean taken. also seems clear the 
writer that the decision between the foot-plate and the pin should 
made depend upon the the ground over which the 
leveling carried, the pin being probably the better support some 
kinds soil and the foot-plate others. 

claimed (page 797) that the design the rod shown Figs. 
and based strictly the self-reading principle, and thus 
enables the observer read, practically without counting anything, 
from the coarsest down the finest graduation.” may seen 
consulting the illustrations the rod, Plate XLVI, that 
its graduation attempt has also been made eliminate the 
necessity counting. each decimeter the point marked 
the upper edge white rectangle containing figure, the 
the lower edge black rectangle, the 5-cm. marked white 
diamond, the the upper edge ofa black rectangle, the the 
lower edge white rectangle, and finally the zero and the 
center white rectangle containing figure. not necessary 
count higher than identify any centimenter, even when the dis- 
between the black rectangles and the unpainted portion 
the rod disappears. important note that there are marks 
the rods having least dimension less than and that all 
areas color, with the exception the 5-cm. mark, are rectangular. 
The markings will, therefore, remain distinct for greater distances 
and more furious vibration the air than will those any design 
having smaller areas color many sharp points. 

The author indicates pages 797 and 836 his reasons for be- 
lieving that 2-mm. graduation should furnished addition 
the centimeter graduation. this opinion does not stand alone, 
the same principle advocated some European authors. The 
rod carries graduation finer than single centimeters, be- 
cause known that under the actual conditions work the 2-mm. 
graduation will readable only short sights. such short 
sights occurring the end section the line when connec- 
tion about made with bench-mark, climbing very 
steep grade, the centimeter graduations can read with greater 
accuracy than ordinarily. add 2-mm. graduation for use 
such cases strengthen the strongest part the line, and is, 
therefore, refinement which little value, although does 
harm there room the rod for the additional graduation. 
pertinent note that the rods used under the direction the 
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United States Corps Engineers carry graduations smaller than 

The writer fails see the advantage placing the zero the 
graduation nearly cm. above the foot the rod. The 
practice put the zero the graduation the foot the rod, 
and difficulty found maintaining that relation within narrow 
limits. 

The author condemns the past practice applying constant rod 
correction for the whole season (page 834), and, going the opposite 
extreme, advocates direct measurement the rod with steel tape 
three times day (page 800), even the beginning and end each 
stretch (page 834). would seem that the frequency with which the 
rod should measured depends upon the accuracy with which the 
rod question holds constant length, and that the necessary fre- 
quency measurement cannot decided the off-hand manner in- 
dicated the pages cited. The various measurements the 
paraffined rods made between field seasons the office during past 
years, and the field once twice month during 1899 and 1900 in- 
dicate that after paraffined rod has once been fully seasoned actual 
use the field exposure temperatures high will ex- 
perience the field, wili hold constant length within range but 
little greater than part 000 0.1 mm. per meter. This state- 
ment includes all variations due changes the humidity, other 
causes, except changes temperature, the measurements having been 
reduced fixed temperature using the coefficient expansion 
0.000004 per degree Cent. The present practice, measur- 
ing the rods with great accuracy between field seasons and measuring 
them with steel tape once twice month during the season, limits 
the possible errors from the cause under discussion much less than 
one ten-thousandth the difference height measured. Under these 
conditions, daily measurements the rods seem unwarranted. 

During the process seasoning the paraffined rods usually increase 
slightly length. 

Collar Inequality.—The author’s statement, page 843, that the 
commonly accepted method determining the inequality telescope 
collars erroneous, and that many the constant errors frequently 
encountered leveling operations and attributed great variety 
causes, principally personal equation and settlement heaving in- 
strument rods,” may accounted for this error, into which all 
who have dealt with this matter have fallen, surely startling. The 
statement made again, that the usually accepted method 
determining the collar inequality already been explained and 
found erroneous.” various other points the text the author in- 
dicates with emphasis the importance attaches tothis matter. Were 
the author’s supposition true, not only would all who have dealt with 
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precise levels involved confusion the discovery such mis- Mr. Hayford. 


take, but would several generations astronomers who have used 
the same method, and set forth their writings, connection with 
the determination the inequality the pivots astronomical 
transits used for the determination time. important, then, that 
the alleged proof the error the usually accepted theory should 
carefully examined. 

The first thing that attracts the attention one who makes the 
examination the startling array assumptions which are stated 
necessary prove the ordinary procedure de- 
termining collar inequality (page 830). The next matter that will 
catch the eye quick reading the inaccuracy and confusion the 
statements and formulas page 831. the figure, marked 
stated distance, and marked the figure. The formula 
number equal the sum abstract number added distance, 
anabsurdity. Similar absurdities occur several points the same 
page. Using this clew, one would naturally look for 
some more serious error. 

careful examination will show that the whole argument 
completely erroneous, and that the commonly accepted method 
determining the inequality collars correct within attainable limits 
accuracy. has confused the measurement the inequality 
the radii diameters the two collars with measurement the 
effect such inequality the inclination the telescope axis and 
the striding level. The quantity determined usuully referred 
inequality collars, but that not meant inequality the radii 
the collars, but simply the effect that inequality producing 
erroneous position the telescope axis and the striding level. 

The whole matter may made clear superposing Fig. 
page 831, (a), such manner make the two points co- 
incide, keeping both figures right side up. must kept mind 
that these two figures represent diagrammatic form section one 
collar through the striding level, telescope and cradle support the 
plane the contacts those three bodies. The two circles repre- 
senting the eye-end collar will coincide, after the superposition, 
being the center the eye end larger collar both cases. the 
superposed figure the relative position the ‘‘level tube” and 
cradle support will that which they actually hold when the larger 
eye-end collar separates them. The two small circles the super- 
posed figure, having centers and sbow the two possible 
positions which the smaller collar might placed, first contact 
with the cradle support and next contact with the ‘‘level tube,” 
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supposing these two maintain the relative positions which they had 
when the larger collar was between them. evident that under 
the action gravity the smaller collar will take the lower the two 


positions shown the superposed figure and its center will then 


distance below the position which the center the larger 
collar had occupied. Similarly, the distance [of Fig. 
being point the striding level, fixed, will occupy position 
equal lower than did when the larger collar separated 
the cradle support and the ‘‘level tube.” the reversal the tele- 
scope under consideration the point will fallen distance 
and the corresponding point the other end the striding level will 
have risen and the total change inclination the striding level, 


which will measured the movement the bubble, will, there- 
fore, being the length the striding level between its sup- 


porting wyes. Similarly, the change inclination the axis the 


telescope, the line joining the centers the two collars, will 


and the error the inclination the axis, due inequality collars, 
will half this amount; which one-fourth the change 


inclination indicated the striding level accordance with the 
usually accepted theory, and accordance with the method com- 
putation shown the upper half page 830. may noted that 
this direct proof, dealing with the quantity which the measure- 
ment actually required, and involves consideration the differ- 
ence radii the two collars. examination will found that 
involves implicitly the assumption that the angular opening the 
wyes the cradle support equal to, nearly equal to, the corre- 
sponding angular opening the wyes the striding level. For, 
unless this were true, the two distances marked the figures would 
not equal. 

The author’s treatment the same observations would give cor- 
rection for inclination the axis the telescope due inequality 
the collars which nearly two and half times great the 
ordinary treatment, 

pages 872-875 given example the record observations 
made river crossing, and pages 876-877 the claim made that 
when these observations were reduced, using value 0.0635 for the 
inequality collars, the results from the four crossings agreed very 
closely, within 2.4 mm., and that this would not have been the case 
correction for collar inequality, found the commonly adopted 
method level tube and telescope reversals,” had been used. This 
argument will not bear close examination. The author has failed 
entirely apply any correction for curvature and refraction his 
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computation. essential apply such correction whenever Mr. Hayford. 
forward and backward sights are very unequal they are the case 

hand. The correction for curvature and refraction for 215-m. 

sight (see Fig. 16) 3.1 mm., for 211-m. sight 3.0 mm., and for 

23-m. sight mm. Applying these necessary corrections 

the observations, the results stand shown Table No. 31. 


TABLE No. 31. 
DIFFERENCE ELEVATION. 
ine. Corrected,| Corrected, 

sight. Observed. curvature curvature using using 
0635. 0.0276. 

refraction.| refraction. 
mm, mm. mm. mm. mm. 
1st direct D,....... +192.7 123.8 ® | 126.9 139.1 182,2 
2d direct D, ....... —188.6 148.1 —3.0 145.1 133.2 139.9 
reverse R,..... 146.3 131.4 138.1 
2d reverse R,...... —192.7 124.6 +3 127.7 139.9 133.0 


The last column was computed using 0.0276 mm. per meter 
the correction for inequality collars, that value being given page 
830 and stated the mean twenty observations taken the 
ordinary way. The last column but one shows the corrected values, 
using ').0635, the author’s value the correction for collar inequality, 
will noted glance that the range the four results about 
great one case the other. The observations indicate that 
the true value the collar inequality between 0.0276 and 0.0635, 
such intermediate value would come closest making the four 
differences elevation agree. The remarkable agreement 2.4 mm., 
shown page 876, has now disappeared, and with the force the 
argument based upon that agreement. 

may possibly contended that the correction for refraction 
should neglected, the refraction very uncertain quantity, 
The curvature, Itis positively known within 
very narrow limits. The corrections used herein would increased 
slightly neglecting the refraction, that has been assumed 
one-eighth the curvature and the contrary sign. 

may also claimed that, the curvature and refraction are 
neglected the determination the inequality collars, the 
method advocated the author and shown pages 852-853, this 
neglect will produce errors the same magnitude, and contrary 
sign, those produced the neglect just noted the observations 
the river crossing. Such argument, however, utterly falla- 
cious, the correction for curvature and refraction increases the 
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square the distance, whereas the correction for collar inequality in- 
creases the first power the distance. Hence the curvature and 
refraction cannot merged with the collar inequality neglecting 
correct for curvature and refraction when determining collar in- 
equality. The true method correct for curvature and refraction 
wherever such correction becomes appreciable. this had been done 
Table No. the derived value 0.0624 for correction for collar 
inequality would have been decreased slightly. 

With the exception noted, namely, the neglect apply the correc- 
tion for curvature and refraction, the method shown Table No. 
seems correct, and should give value the collar inequality 
agreement with that the ordinary method reversal the tele- 
scope, except for unavoidable errors observation. 

The discrepancy between the various values the collar inequality 
determined the two methods seems the writer evidence 
wear the instrument, poor observation, rather than anything 
wrong the theory. The value 0.0235 mm. per meter given for 
this correction page 877, and 0.0276 page 830, both being de- 
termined the usual method reversals the telescope the 
wyes. The value 0.0624 shown page 853, and the value 0.0635 
used the author page 876. Finally, the river crossing treated 
pages 872-876 indicates that the true value lies somewhere between 
0.0635 and 0.0276. The great range these values, and the fact that 
they are unusually large, indication that the concentration the 
wear the telescope collars four small areas has produced the effect 
which should expected. 

Table No. and the Conclusions drawn from it.—The importance 
ascribed the author the experiments indicated Table No. 
appreciated noting the frequency and character the references 
According his statement: 


The important cumulative error that produced the warping 
effect the sun’s direct and heat rays the telescope (see 
experiments Table No. 6). All other errors are generally com- 
pensating nature when good instruments are (page 886). 


Again: The error shown exist very warm weather (see Table 
No. cannot detected, except the closure line, and the best 
and most careful work may done under seemingly good conditions 
without yielding satisfactory (page 862). 


pages 843 and 883 important conclusions are also based upon 
this table the times day and kinds weather which good 
work can done. Finally, page 859, the author states that his con- 
clusion, based upon Table No. the times day when double 
lines should run, supersedes all theoretical reasoning, being, 
is, the result actual observation and experiment.” 

The experiments question are confined single day anda single 
instrument station. Has the author shown good judgment using 
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these experiments foundation for the great superstructure far- Mr. Hayford- 


reaching conclusions which has constructed? Or, has addi- 
tional supports for his superstructure, not unwise leaving the 
reader ignorance them? 

When one examines the evidence carefully, with view answer- 
ing the above questions, the first doubt apt arise his mind 
soon notices that all the experiments were made under one set 
conditions. One the primary conditions which must fulfilled 
set experiments, the conclusions based upon them are thor- 
oughly trustworthy, that the conditions under which they are made 
must varied much possible. the case hand, the direction 
the line observed might have been varied; the observations might 
have been taken different days; the character the surface the 
ground should have been varied, and the effect the slope the 
ground should surely have been taken into account possibly affect- 
ing the refraction. is, all the readings are taken over the same 
line, and the only conditions which vary are the time day, the tem- 
perature, cloudiness brightness the sunlight, and the azimuth 
the sun. 

The mean reading Rod varied during the experiments from 
1529.2 mm. 1529.9 mm., 0.7 mm. Similarly, the range 
the readings Rod mm. The total change the ap- 
parent difference elevation the two rod supports from 287.1 mm. 
288.0 mm., total 0.9 mm. All the author’s conclusions are 
based upon these small changes. the internal evidence Table 
No. such make unquestionably true that the accuracy the 
observations was warrant any conclusions drawn from such 
small variations. side-light upon this question may gained 
noting the range variation the angle subtended the rod 
the upper and lower threads. Omitting the first values given the 
table, because the instrument was moved, stated the text, 
between the first and second observations, the thread distance Rod 
varies from 151.6 mm. 152.1 mm., range 0.5 mm., and 
Rod varies from 151.8 mm. 152.6 mm. range 0.8 mm. 
should noted that the author’s explanation the changes the 
mean rod readings and the apparent difference elevation the rod 
supports does not the least account for any apparent change the 
thread distances. the eye end the telescope curves downward 
during the observations, assumes, all three threads will 
apparently move together the rod, and the thread distances remain 
constant. The variation thread distance which could accounted 
for change temperature the reticule would the hun- 
dredths millimeter only. The range variation thread dis- 
tances referred to, viz.: mm., must due either errors 
observation the difference refraction between the upper 
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and lower lines sight. The errors from either these causes are 
equally likely affect the mean readings the rods and the apparent 
difference elevation the rod supports. seems, therefore, that 
base any far-reaching conclusions variation 0.9 mm. during 
set observations, when variations 0.5 0.8 mm. remain unex- 
plained, unwarranted. The author’s conclusions may possibly 
correct, but Table No. without support, hardly can taken proof 
such correctness. 

stated that the error the determination the difference 
height the two rod supports this set experiments became zero 
then that the author considers the true difference elevation 
There evidence put forward the author deter- 
mine which the many measured differences elevation was the true 
one. What evidence furnished that the greatest the measured 
values corresponds the truth, rather than the mean all the 
measures. dogmatic statement made, without any effort 
support it. This statement especial importance the conclu- 


stated various other parts the puper, the time day 


when good work can done, all depend upon the correctness this 
assumption that 288.0 mm. the true difference elevation. 

The author states positively that detect temperature errors the 
class which claims are indicated Table No. necessary 
close each stretch the line making both the forward and the 
backward measures during the same half the day (pages 843, 859 and 
883). the conception the cause such tempera- 
ture errors agreed to, and even agreed that the measurements 
shown Table No. are absolutely accurate, the conclusion stated 
does not follow. Let agreed that running line northward, 
indicated Table No. the eye end the telescope curves down- 
ward the fore sight and thus inclines the line sight upward, and 
that the elevations carried northward will too small, equally 
true that, the direction the running were the southward, under 
the same conditions, according the author’s theory the fore sight, 
which would then toward the sun, would undisturbed, while the 
back sight, taken from the sun, would made too high the rod, 
and the ultimate effect would tend make the line run high, 
just the previous case was supposed run low. first 
measurement the northward called the forward measurement and 
the second the backward measurement, the forward measurement 
would carry the measures too low and the backward measurement 
would carry them too high the direction the measure, which 
now reversed, and the two results would agree instead showing 
divergence. other words, the author’s theory the manner 
behavior the telescope, necessarily true that elevations car- 
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ried the computation from one bench-mark another which Mr. Hayford. 


direction away from the sun from the first will too low, regardless 
the direction which the measurements actually progressed, and 
vice versa. make the backward and forward measurements the 
same half day east and west line insure better agreement 
the two measures than they are made under differing conditions. 
This the reverse the claim made the author, when applied 
such The logical conclusion from his theory would that 
the forward measure made under one set conditions the 
azimuth the sun and cloudiness, the backward measure should 
made under conditions different possible these respects 
desired make the temperature error apparent producing 
divergence between the two lines, claims, and correctly, should 
done. The correct conclusion is, for example, that line run- 
ning the westward, the forward measurement made the fore- 
noon with the sun behind, and the measures may therefore expected 
carry the elevations too low the direction the progress the 
measurement, the backward measurement should made the after- 
noon with the sun again behind and with the line again running low 
the direction progress. 

test the validity the author’s conclusion that this tempera- 
ture error may much mm. per kilometer (see middle 
page 843) available the printed reports the Coast and Geodetic 
Survey. The general custom from the beginning, that Survey, has 
been for the level party continue working throughout the day. 
the various stretches line comprised hundreds miles level- 
ing done the forward and backward method necessarily true 
that all combinations conditions the relative times the 
runnings the forward and backward line have occurred, but 
divergence approaching mm. per kilometer can found the 
observations. 

interesting note that the result from the experimental line 
run southward clear, warm day without any umbrella, stated 
page 843, agrees with the theory temperature errors stated, con- 
nection with the leveling the Coast and Geodetic Survey previous 
1899, earlier this discussion. According that theory level 
line run toward the sun should always have tendency run too 
high, and, course, this tendency would greatly exaggerated 
when umbrella used. 

The writer’s opinion then regard Table No. and the conclu- 
sions based upon it, that the evidence the table too weak 
support any conclusion, and that the author’s theory temperature 
errors must necessarily supported other evidence before can 
accepted; that the conclusion drawn from the table that good work 
cannot done during the hottest part the day not valid; and, 
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Mr. Hayford. finally, that the conclusion that the forward and backward running 


any section the line should made the same half day utterly 
contrary the author’s own statement the nature the error sup- 
posed have been manifested the table. 

During What Hours the Day should Leveling be* 
author not alone his contention that the hours observing should 
limited the beginning and end the day, and that the middle 
and heated half should avoided. Such proposition put for- 
ward many places the literature leveling, both direct state- 
ment and the indirect statement involved the fact that the hours 
leveling were actually limited. The question whether the 
hours work should limited important, because one 
the principal factors determining the speed the leveling per 
month and its cost. the hours work are extended say from 
hours during each day, average, the speed will affected 
that ratio and the cost the inverse ratio, smce the main portion 
the expense the party fixed amount per month. view 
this seems that sufficient proof the necessity for limiting the 
hours work has ever been put forward far the writer 
aware. 

general, less vibration the images the rod seen through 
the telescope may expected during the early and late hours the 
day, least the vibration will less violent than during the mid- 
dle portion the day. Smaller errors reading the rods may, 
therefore, expected during the early and late hours than the 
middle the day. But such reading errors are compensating 
their natare, and are minor importance. The most troublesome 
errors are those the cumulative class. 

can hardly contended that there less danger errors due 
large rapidly changing refractions during the early and late parts 
the day than during the middle, for well-known fact that the 
refraction varying most rapidly during the early and late hours, and 
that also much larger during those hours than during the middle 
would seem that less chance encountering errors 


refraction when observations are taken during the middle por- 


tions the day, when refraction nearly constant and nearly 
minimum, than during the early and late hours. 

might have been urged with considerable force that errors due 
unequal temperature changes the instrument might expected 
smaller during the early and late hours than during the middle 
the day, but, far the writer aware, such argument has never 
been put forward the past, when would have been valid. 
brought forward now will little weight, since reasonably 
certain that such errors can kept within very narrow limits 
proper construction the instrument and proper methods using 
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it. Everything being considered, would seem that the best plan Mr. Hayford. 


work continue the leveling throughout the day. Such pro- 
cedure will very effective increasing the speed and decreasing 
the cost. will secure much wider divergence conditions than 
the plan working only the two ends the day. The writer 
believes that true leveling, true general, that the 
truth reached observing under all possible conditions and 
combining the results rather than arbitrarily selecting one set 
conditions. 

The Principle Least Squares.—The workman who does not under- 
stand his tool apt see more faults than one who has mastered 
it. The author condemns the principles least squares applied 
leveling, except when used compare the accuracy different lines. 
The writer freely concedes that many absurdities have resulted from 
supposed applications these principles. believes, however, that 
the responsibility for these absurdities may always traced the 
users the principles. The method least squares most power- 
ful instrument the hands expert, but dangerous plaything 
other hands. 

Certain palpable mistakes, the application least squares 
the problem hand, catch the eye once. The formula given 


tion point found from the initial point, and the separate 
are each case the probable error the mean difference elevation 
the bench-marks the end stretch. then stated that 
This formula applicable only when all stretches are equal length, 
though generally used without regard the actual weights result- 
ing from unequal lengths.” The statement positive contradiction 
one the fundamental principles the theory errors, that the 
probable error the sum several quantities equal the sum 
the squares the separate probable errors, regardless the relative 
weight the separate quantities. Again stated (page 883) that: 


Three single lines would yield theoretical accuracy 1.4 times 
that obtained from two lines, and four lines would give 
accuracy 1.7 times that from two lines.” 


The theoretical accuracy increases the square root the num- 
ber measures single lines, and the foregoing ratios, therefore, 


should and 1.2 and 1.4, instead 1.4and 1.7 given. 


The statement that, line levels closes itself, thus 
forming polygon, the resulting error the polygon must dis- 
tributed over the entire periphery, either proportion the length, 
or, perhaps better, proportion the square root the length, from 
the known starting point,” given page 894, evidently the result 
misconception the principles under discussion. 


distribute such error proportion the square root the 
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length from the known starting point would absurdity and 
would give two results which would vary widely from each other 
when the distribution was made first one direction around the cir- 
cuitand then theother. Itis stated page 889, that when the theory 
error applied the comparison groups observations, each 
group must contain the same number observations.” 

view the foregoing quotations the condemnation the theory 
errors applied precise leveling (pages 889-890), and especially 
the condemnation the method least squares, applied the 
adjustment level net, should given but little weight. 

Probable Errors and Limits Error.—The computed probable error 
single kilometer true measure the relative magnitude 
the errors belonging the accidental compensating class differ- 
ent lines. Such comparisons are misleading, however, unless 
kept clearly mind that the accuracy the line levels depends 
both upon the compensating and the cumulative errors that line. 
The errors the second class are usually much more serious than 
those the first, precise leveling. The probable errors two 
lines being known, judgment should suspended until the evidence 
the magnitude the cumulative errors has been weighed. For 
example, the two groups lines shown Table No. have average 
probable errors which not differ greatly. opinion the rela- 
tive accuracy the two groups based upon this fact would grossly 
fault, however, since the average cumulative error one these 
groups many times that the other. The best evidence the mag- 
nitude the cumulative errors any class leveling furnished 
connections with tide gauges, large circuits leveling that class, 
numerous connections with leveling some other class. 

Similarly, appreciate the true significance attached 
limit error, should noted that essentially specification 
that the probable errors must not exceed certain such, 
limits the errors the compensating class, and does not affect the far 
more serious errors the cumulative class. 

Speed and Accuracy Coast and Geodetic Survey Leveling, 1899- 
1900.—The probable errors the leveling single kilometer, com- 
puted the same basis the values Table No. 21, were, for 
three parties 1899 three lines aggregating total 
length km., 800 miles, 0.86 mm., 0.8 mm. and 0.65 
mm. The office computation the leveling 1900 has not yet been 
begun, and the 1900 values are, therefore, not available, but inspec- 
tion the field computations indicates that the probable errors will 

The foregoing values not represent the best that the instrument 
and method will do, for the following reasons: Knowing that the 
error and the limit error indicate simply the magnitude 
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the accidental compensating errors, while the serious errors Mr. Hayford. 


feared the leveling are the cumulative class and the compensat- 
ing errors comparatively unimportant, seemed that instructions 
the observers should use all possible efforts guard against 
cumulative errors, but that more time money should expended 
upon the work than was necessary keep the accidental compen- 
sating errors within the limit indicated computed probable error 
the distance between adjacent bench-marks kilometers) was 
chosen being about right insure this degree accuracy, 
far compensating errors are concerned. The observers were not, 
however, left free any class work they pleased, subject only 
the condition that they must keep inside this limit. the con- 
trary, they were told crowd the limit, speak, lengthening 
the sights secure increased speed. When two the parties 
observed such cautious manner that little re-running under 
the limit stated was necessary they were promptly reminded that they 
were not following the spirit the instructions, that too much caution 
was being used, and that the sights should lengthened. The effect 
the instructions was, therefore, virtually make the probable error 
fall between 0.6 and 1.0 mm., and require the observer use 
his skill and judgment increasing the speed the leveling rather 
than reducing the probable error. From the foregoing will 
seen that the probable error secured and the speed attained must neces- 
sarily considered together. 

The general experience all organizations which have done much 
precise leveling indicates real accuracy the leveling depends 
upon the success eliminating the cumulative errors rather than 
reducing the accidental errors. The question may asked: Upon 
what based the writer’s opinion that the leveling 1899 and 1900 
high degree accuracy, and that there are large 
cumulative errors? Since, indicated above, and elsewhere this 


the probable error computed from the residuals the 


separate sections not considered measure accuracy, the 
writer does not feel absolutely certain the grade accuracy the 
1899 and 1900 leveling, and will not feel absolutely certain until such 
leveling has been subjected severe tests being involved many 
circuit closures. Nevertheless, the confidence that this leveling, 
when subjected such severe tests later, will not found wanting, 
based mainly upon four facts stated follows, increasing order 
importance: 

Ist. careful examination the 1899 leveling use the notes 
weather, direction sun, direction wind and direction line, 
taken the parties during that season, shows that the temperature 
errors the form discovered the old leveling are exceedingly small, 
present all, the new leveling. 
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2d. Three long loops single line were run Ohio 1899 
this method, their circumferences being 82, 112 and km., and the 
closing errors —4.9, +9.0 and mm., respectively. This very 
severe test the method, and was made still more severe running 
cross-lines dividing these three loops into nine small loops. 

3d. Two the long lines run 1899, namely, the line from Gib- 
raltar, Mich., Cincinnati, Ohio, and the line from Abilene, Kans., 
Sioux City, Iowa (finished 1900), are now involved large cir- 
cuits, and the results indicate the correction required each 
exceedingly small. 

4th, and most important: must noticed that the method 
observation resembles very closely all essential features that which 
has been used the Corps Engineers for many years, and which 
the results, judged the closing errors large circuits, the most 
severe test which can applied any leveling, are unexcelled 
accuracy the present time any leveling any country, far 
the writer aware. 

may noted that the preceding paragraphs reference has 
been made the divergence between forward and backward lines 
measure accuracy. The writer has failed observe the pub- 
lished results leveling any relation between the magnitude the 
divergence forward and backward lines and the accuracy such 
lines indicated the severe tests furnished circuit closures, and 
he, therefore, believes that the magnitude such divergence should 
given little weight measuring the accuracy unless the divergence 
excessive. is, perhaps, necessary call attention especially 
the fact that this statement limited lines which are run the 
forward and backward method, which the effect systematic set- 
tling rising the rod supports given opportunity manifest 
itself and eliminated from the results. not applied double 
lines which both the components arerunin the same direction. The 
average divergence the forward and backward lines for the three 
parties 1899 were, respectively, 0.20, 0.51 and 0.08mm. 
per kilometer double line. Divergences the same magnitude 
these may found many lines the Corps Engineers which 
have subsequently been shown circuit closures unsurpassed 
accuracy. also note that one the 1899 lines, 
ing divergence 0.51 mm. per kilometer, now involved the cir- 
cuit, Abilene—Kansas City—Sioux which has closed 
well leave doubt the accuracy the line. 

stating the rapidity observation, the number minutes per 
station, speed per hour and speed per month offer convenient bases 
comparison. Seven minutes per station, which said the author 
(page 895) the time required walk between stations, set the 
instrument and take the readings, under exceptionally good circum- 
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stances with clear steady air, seems correspond toabout Mr. Hayford. 


speed for parties, even though they work throughout the 
day. June 20th, 1900, Mr. Ferguson, with level the 1899 
model, observed between 7.10 and noon, and 1.45 and 6.15 
total, hours and minutes, and during that time occupied 111 
stations, average 5.0 minutes per station. The length sight 
this day varied from little less than about80m. 
ber 26th, 1900, the party under Mr. Burger, using level the 
1900 model, was engaged running line over very rough ground, 
which was necessary take very short sights. The period 
observation was from 7.30 noon and from p.m. The 
total number stations during the working period hours and 
minutes was 102, making the average time per station 4.6 minutes. 

The writer does not that these are the best examples that 
could given. more careful examination the record may show 
still more rapid work. These are especially interesting indicating 
how rapidly the instruments may manipulated and the observations 
taken, the very simple method now use, and will probably bear 
comparison with work done with the ordinary Y-level. 

speed one mile per hour not all unusual, and the record 
shows many daysin the season speed miles, equal 2km., 
per hour has been kept for several hours, and even throughout the 
day. For example, party charge Mr. Tilton, ran 16.6km., 
10.3 miles, single line July 14th, 1899, during working period 
7.4 hours, average rate 1.4 miles per hour. The length 
sight this day varied from 110 with average about 
100 The best single mile leveling which has yet come under the 
writer’s notice was run minutes this same party. 

The speed, terms completed miles leveling per month—and 
this one the important factors fixing the average cost level- 
ing per mile—was follows for the three parties operating 1899: 
Colorado and Wyoming 214 miles were completed 5.3 months, 
the rate miles per month; Ohio 285 miles were completed 
5.8 months, average miles per month; and Kansas and 
Nebraska 334 miles were completed 5.3 months, average 
miles per mouth. The average for the three parties miles per 
month. The period work given each case that embraced 
between the first day which observations were taken and the last, 
These figures make the rate progress completed miles for each 
day that the party wasin the field, making deductions for Sundays, 
holidays, days lost account rain other causes, 1.3, 1.6, and 2.1, 
respectively, average for the three parties 1.7. completed 
mile leveling necessarily means least miles single line, and, 
upon average, represents little more than this, account 
re-running sections which the discrepancy fell slightly outside 
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Mr. Hayford. the limit 4mm. the foregoing values indicate that the 


number miles single line per day, making deduction for lost 
time, was about 3.4, and, assuming that loss time account 
Sundays, bad weather, etc., was 25%, this means that the rate per 
actual working day was, upon average, about 4.5, even though the 
first runnings sections which had re-run are not counted. 
The average rate progress for 1900 not yet known, two the 
parties are still the field. The present indications are that will 
exceed the average speed 1899 per cent. 

Cost.—The actual cost the Government, the leveling done 
1899, follows, round numbers: For the party Colorado and 
Wyoming, $17 per mile $10 per kilometer; for the party Ohio, 
$14 per mile per kilometer; for the party Nebraska and 
Kansas, $11 per mile per kilometer. The average the three 
parties for the whole season $13.55 per mile $8.40 per kilometer. 
These figures represent the actual cost the leveling, including the 
establishment the bench-marks, with the exception the first cost 
instruments and the cost stationery supplied the parties. 
includes all transportation and from the field, paid the Govern- 
ment, the cost inspection the parties, and all wages and salaries, 
including chief party and recorder. The salary each member 
the permanent force charged the leveling for the whole period 
during which was engaged upon work incidental the leveling. 
includes the time spent traveling and from the field, and, 
one case, the time spent preparing for the field. The Government 
pays its permanent employees for twelve months’ work per year and 
actually secures, average, only eleven months, the annual leave 
granted being one month per year. take account this fact, 
one-eleventh has been added the salary actually paid each officer 
during the time was connected with the leveling work. The 
present indications are that the average cost per mile, the leveling 
1900, will considerably less than was 1899. the salaries 
members the permanent force, which are included the fore- 
going cost, deducted, and this not unusual computing the cost 
leveling, the average cost per mile for 1899 will found $9.33; 
and per kilometer $5.79. The field expenses per month for each 
these parties were about the same. The principal factors which vary 
are the speed per month and the salary the observer. The condi- 
tions under which the work was done, for these three localities, also 
differed considerably. The three values the cost are, therefore, 
given, not comparison the parties, but indication the 
extent which the cost per mile may vary, though the instruments 
and methods are identical. 

The cost the leveling given may compared with that given 
the paper (page 897), namely, $16 per mile, $10 per kilometer, 


t 
4 
4 
y 
q 


Papers.] DISCUSSION PRECISE SPIRIT LEVELING. 1161 


not including the establishment bench-marks; or, including the Mr. Hayford. 


establishment bench marks, $15 per kilometer $24 per mile. 
may also noted that this estimate the author does not include 
the traveling expenses and from the field. comparison may also 
made with the values given the paper* Wilson, Am- 
E., namely, the cost from $19 $32 per mile for leveling 
the Engineer Corps. Also the same page indicated that 
mile (not $10.94 there printed). This estimate the cost the 
old leveling, namely, $15 per mile, probably considerably 
less than the average cost that leveling, salaries observers being 
included. Also, page 416 the same volume, indicated that 
000 miles the leveling the Engineers along the Missouri River 
cost about $20 per completed mile. Throughout the preceding para- 
graphs the cost given for completed mile leveling, comprising 
least two runnings, and should not confounded with the cost per 
single line. 

each the comparisons suggested above the details are exam- 
ined will surely found that the comparison biased against 
rather than the side the new levels. will found 
that general some the items involved the total cost the 
Government have been omitted, as, for example, transportation and 
from the field, salaries observers, other items. 
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MINUTES MEETINGS. 


THE SOCIETY. 


December 5th, 1900.—The meeting was called order 8.45 
James Croes, Am. Soc. E., the chair; Charles 
Warren Hunt, Secretary; and present, also, members and 
visitors. 

The minutes the meetings November 7th and 21st were’ 
approved printed Proceedings for November, 1900. 

paper Ewald Schmitt, Assoc. Am. Soc. E., entitled’ 
Direct Method Spacing Rivets and Finding the Position, etc., 
Stiffeners Plate was presented the Secretary, who 
also presented written discussion Schaub, Am. C.E. 

The subject was discussed orally Messrs. George Devin, 
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LaChicotte, Bernt Berger, Nichols, Rhodes and 
Skinner. 


Ballots were canvassed, and the following candidates were declared 
elected: 


MEMBERS: 


ALLEN New York City. 


MEMBERS: 


Crary Kansas City, Mo. 
Epwin Guy East St. Louis, 
Omar Pueblo, Colo. 
Justin New York City, 


The Secretary announced that the following candidates were elected 
the Board Direction, December 4th, 1900: 


Kine, Jr., New York City. 


JUNIORS: 


ALEXANDER BLACKWELL, St. Louis, Mo. 
Henry Durango, Mexico. 
Henry GARFIELD Little Rock, Ark. 
Downer Tracy, Allegheny, Pa. 
Kansas City, Mo. 
ALEXANDER Jr., New York City. 


The Secretary announced that the meeting the Board 
Direction, December 4th, 1900, the ballot the reconsideration 
Day was canvassed, and that Mr. Knap was declared 
elected Associate Member. 

The Secretary announced the death Henry 
elected Member January 6th, 1886; died October 26th, 1900. 


The Secretary announced the acceptance the following resig- 
nations: 


elected Member May 2d, 1883. 
Porter Forp, elected Member March 5th, 1890. 


Adjourned. 
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December 19th, 1900.—The meeting was calied order 8.45 
M.; Vice-President Rudolph Hering the chair; Charles Warren 
Hunt, Secretary, and present, also, members and visitors. 

paper Boggs, Assoc. Am. Soc. E., entitled Some 
Peculiar Railroad Bridge Accidents,” was presented the Secretary. 

The subject was discussed Joseph Mayer, Am. 

The Secretary announced the death William Starling; elected 
Member September 7th, 1887; died December 11th, 1900. 


Adjourned. 


THE BOARD DIRECTION. 


December 4th, 1900.—8.15 m.—Vice-President Noble the 
chair; Charles Warren Hunt, Secretary; and present, also, Messrs. 
Bensel, Buchholz, Knap, Morison, O’Rourke, Schneider, Seaman, 
Ricketts, Turner and Whinery. 

The Chairman was authorized appoint Committee take 
charge the arrangements for the Annual Meeting. 

The following resignations were presented and accepted: 

Jared Smith, Am. Soc. E.; Porter Ford, Am. Soc. 

The reconsideration ballot the case Edgar Day Knap was can- 
vassed the Board, and Mr. Knap was declared elected Associate 
Member. 

Applications were considered and other routine business transacted. 

One Candidate for Associate and six for Junior were elected. 


Adjourned. 
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ANNOUNCEMENTS. 


accordance with the resolution the Board Direction, the 


House the Society open every Sunday, from 


MEETINGS. 


Wednesday, January 2d, 1901.—8.30 regular business 
meeting will held. Ballots formembership will canvassed, and 
paper, entitled Kinzua Viaduct the Erie Railroad Company,” 
Grimm, Am. Soe. E., will presented for discussion. 

This paper printed the November number Proceedings. 


Wednesday, February 6th, 1901.—8.30 regular business 
meeting will held. Ballots for membership will canvassed, and 
paper, entitled The Adjustment Transit Survey Compared 
with that Compass Survey,” Charles Crandall, Am. Soc. 
E., will presented for discussion. 

This paper printed this number Proceedings. 


Wednesday, February 1901.—8.30 regular meeting 
will held, which paper, entitled The Construction Gravity 
Sand Filters Nyack, Y.,” Houston, Assoc. Am. 
E., will presented. 


This paper printed this number Proceedings. 


ANNUAL MEETING. 


The forty-eighth Annual Meeting will held the Society House, 
January 16th and 17th, 1901. The Business Meeting will called 
order o’clock Wednesday morning. The annual reports will 
read, officers for the ensuing year elected, members the Nominat- 
ing Committee appointed, amendment the Constitution considered, 
and other business transacted. 

Messrs. Joseph Osgood, Buck, Albert Carr and Charles 
Warren Hunt have been appointed Committee Arrangements, and 
are preparing programme the social features and excursions. 


PROPOSED AMENDMENT THE CONSTITUTION. 


The following proposed amendment the Constitution has been 
received the Secretary, and has been sent the Corporate Members 
the Society, accordance with the provisions Section Article 
said Constitution: 

Amend Section Article adding the following: 
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The Board Direction may transfer any Junior elected prior 
March 4th, 1891, the grade Associate.” 

This amendment proposed George Morison, Whinery, 
Joseph Knap, John Bogart and Schneider. 


NOMINATING COMMITTEE. 


Heretofore, seven members the Nominating Committee, one from 
each the Geographical Districts, have been elected annually the 
Annual Convention. 

The amendment the Constitution adopted October 3d, 1900, 
provides that this election shall take place the Annual Meeting. 

The usual blank request for suggestions representatives 
each district has been mailed Corporate Members, and the result 
the suggestions made will reported the meeting. 


ANNUAL CONVENTION 


The Thirty-third Annual Convention the Society will held 
Niagara Falls, Y., Tuesday, Wednesday, Thursday and Friday, 
June 25th, 26th, 27th and 28th, 1901. 
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MONTHLY LIST RECENT ENGINEERING ARTICLES 
INTEREST. 


(November 14th Deecmber 12th, 1900.) 
This list published for the placing before the members 
the Society the titles current which can referred 


any available engineering can procured addressing 
the publication directly, the address and price being given wherever 


LIST PUBLICATIONS. 
the subjoined list articles references are given the number pre- 


fixed each journal this list. 


{1) Journal, Assoc. Eng. Soc., 257 South 
Fourth St., Philadelphia, Pa., 30c. 

Proceedings, Eng. Club Phila., 1122 
Girard St., Philadelphia, Pa. 

Journal, Franklin Inst., Philadel- 
Pa., 

(4) Journal, Western Soc. Eng., Mo- 
nadnock Block, Chicago, 

(5) Transactions, Can. Soc. Mon- 
treal, Que., Can. 

(6) School Mines Quarterly, Columbia 
Univ., New York City, 50c. 

Technology Quarterly, Mass. Inst. 
Tech., Boston, Mass., 75c. 

(8) Stevens Institute Indicator, 
Institute, Hoboken, J., 

{9) Engineering Magazine, York 
City. 


(10) Magazine, New York City, 


New York City, 35c. 

(12) The Engineer (London), International 
News Co., New York City, 35c. 

(13) News, New York City, 


(14) Engineering Record, New York 
City, 

(15) Gazette, New York City, 
Cc 


(16) Enaineering and Journal, 
New York City, 15c. 

Journal, New York 

(18) and Engineering Review, 
Chicago, 

American Supplement, New 

City, 
(20) New York City, 10c. 
(a1) Engineer, London, Eng- 


Iron and Coal Trades Review, Lon- 
don, England. 

(23) Bulletin, American Iron and Steel 
Assoc., Philadelphia, Pa. 

(24) American Journal, New 
York 

Engineer, New York City, 


Review, London, England. 

27) Electrical World and Electrical En- 
gineer, New York City. 10c. 

(28) Journal, New Water-Work 
Assoc., Boston. 75c. 

Journal, Society Arts, London, 


Annales des Travaux Publics 
Belgique, Brussels, Belgium, 

Annales del’ Assoc. des Ing. Sortis 
des Spéciales Gand, Brus- 
sels, Belgium. 


(32) Memoirs Compt Rendu des Tra- 
vaux, Soc. Ing. Civ. France, 
Paris. 

(33) Génie Civil, Paris, France. 

(34) Portefeuille Economique des Ma- 
chines. Paris, France. 

(35) Nouveiles Annales Construc- 
tion, Paris, France. 

(36) Revue Technique, Paris, France. 

(37) Revue Paris, France. 

(38) Revue Générale des Chemins Fer 
des Paris, France. 

(39) Master Mechanic, Chicago, 


40) Railway Age, Chicago, 
41) Modern Machinery, 

(42) Transactions, Am. Elec. 
New York 

Paris, France. 

(44) Journal, Military 
tion, Governor’s Island, New York 
Harbor, 75c. 

and Minerals, Scranton, Pa., 


(46) American, New York City, 
(47) Mechanical Engineer, Manchester, 
England. 


(48) Zeitschrift des Vereines Deutscher In- 
genieure, Berlin, Germany. 
(49) Zeitschrift fir Bauwesen, Berlin, Ger- 


many. 
(50) Stahl und Eisen, Duesseldorf, Ger- 
(51) Bauzeitung, Berlin, Ger- 


ussia. 

(53) Zeitschrift des oesterreichischen In- 
nieur und Architekten Vereines, 

ienna, Austria. 

(54) Den Tekniske Forenings 
Copenhagen, Denmark. 

(55) Copenhagen, Denmark. 

(56) Teknisk Tidskrift, Stockholm, Swe- 


den 
Teknisk Ugeblad, Christiania,Norway. 
58) Proceedings, Eng. Soc. Pa., 410 
Penn Ave., Pittsburg, Pa., 50c. 
(59) Transactions, Mining Institute 
Scotland. London and 


(61) Western Railway Club, 
225 Dearborn St., Chicago, 

(62) American Manufacturer and 
World, Ninth St., Pittsburg, 

(63) Minutes Proceedings, 
London, England. 


are references made this month’s list German and Swedish 
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Bridge. 


Concrete Arch Railroad Bridge.* Nov. 

‘The Strength End Joints Wooden Trusses. Kidder. Nov. 17. 

The Willis Avenue Bridge, New York.* (14) Nov. 17. 

Suspension Bridge with Three Towers, Easton, Pa.* H.G. Tyrrell. (13) 

The Grasshopper Creek (14) Nov. 24. 

The Kinzua Viaduct.* (15) Nov. 30. 

The American Bridge Company’s New Specifica ions. (14) Dee. 

The New Kinzua Viaduct.* (14) 

and Goat Islands Bridges Niagara Falls, Y.* (13) Dec. 


Design and Construction Steel Bridge Work, with Particulars 
Queensland.* Clements Frederick Vivian Jackson, Assoc. Inst. 


Electrical. 


‘The Relations between Engineering.* Sir William Henry Preece, Past- 

The Paris Exposition Hering. (42) Oct. 

Electro-Chemistry. (26) Serial beginning Oct. 19, ending Nov. 

Oct. 26, ending Nov. 

‘and American Practice Cable Manufacture. Wright. 

Electro-Chemistry the Paris Exhibition. Borns. Nov. 

Electric Tramways N.S. W.* Arthur Webb. (26) Serial beginning 
Nov. ending Nov. 16. 

The Inductance Concentric Everett. (26) Nov. 

Combined Engine and Dynamo.* (12) Nov. 

Cutting Structural Iron means the Electric Arc. Carvath. (26) Nov. 

Electrical Plant the Sneyd (26) Nov. 

The Current Arc.* Wiler. (27) Serial beginning Nov. 10, ending Nov. 


Electric Company’s Found C.S. Prince. (62) Nov. 15. 

The Electric Equipment the Sney: Burslem.* (22) Nov. 16. 

The Telautograph.* (26) Nov. 16. 

Wireless Telegraphy with Repeaters. Guarini and Lieut. (26) Nov. 16. 

Lighting the Monumental Gate the Paris Exposition.* (27) Nov. 17. 

New Legislation Affecting the Use and Misuse Nov. 17. 

The Development the Holiand. Nov. 17. 

Conduit Railway—Its Development and Construction.* Cudworth. 
17) Nov. 

The Siberia. Geissel. (27) Nov. 17. 

Interior Wiring. (24) Nov. 19. 

Ardross Castle.* (26) Nov. 23. 

The Possibilities Electrical Smoke Deposition. (26) 23. 

the Lode.* Wynn Meredith and Wyatt Allen. (27) 
ov. 

Tests the Electric Plants the Battle- and Kentucky.* (27) Nov. 24. 

The Paderno, Italy, Transmission Plant.* 

Ward-Leonard Electric System rinting (47) Nov. 24. 

Brakes for Electric Cranes. (12) 

Electric Traction the Elevated—New York City. (15) Nov. 30. 

Relative Advantages Direct Current and Distribution Small Installa- 

tions. Hardman Earle, M.I. (26) Nov. 
and Telephones the Paris Exhibition. Inst. (26) Nov. 


Electric Locomotives. ers. (45 
Magneto- Electric Telegraph System.* (27) 
Latest Electric Train the Manhattan Elevated. (27) 
Lighting the Alexander III. Bridge, Paris.* (27) 
Street Lighting Electric Lamps (with special the systems use Croy- 
don, England).* F.H. Dec. 
The Albany Hudson Third-Rail (27) Dec. 
New Telephone Meter.* (46) Dec. 
Perfectionnements Récents dans Galvanisation par (36) Nov. 25. 
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Marine. 


Short Description the Naval Section the Nicolaieff Dockyard.* William Gallon 


Russian Warship Novik.* (12) Nov. 16. 

The Japanese Battleship Mikasa.* (11) Nov. 16. 

The Messageries Maritimes the Paris Exhibition.* Nov. 16. 

The New Battleships the United States.* Nov. 16. 

The Armored Cruiser Jeanne (19) Nov. 17. 

The New Battleships.* (46) Nov. 17. 

Composite Torpedo Boat: Charles Flint’s Arrow. Nov. 22. 

Launch Cruiser and Battleship.* James Dickie. (13) Nov. 22. 

Notes Recent Improvements Foreign Shipbuilding Plants. Nov. 

The possibility American Competition with Foreign Shipbuilders Building Large 
cean Vessels. Geo. Dickie. (13) Nov. 22. 

Performance the Russian Cruiser Variag. Charles (20) Nov. 29. 

Russian First-Class Class.* (12) Nov. 30. 

The New Armored Cruisers the California and Maryland Types.* (46) Dec. 

Mechanical. 


Some Existing Gas-Driven Power Plants.* Philip Dawson. (11) Serial beginning Sept. 
ending Nov. 


Pumping Compressed Air.* Edward Rix. (1) Oct. 
Steam Cylinders.* Bryan Dunkin. (11) Serial beginning Oct. 26, ending 


Transmission Gas and Air Through Pipes Transmission Power Com- 
pressed air.* Frederick Gordon. (2) Nov. 


Gas Engines and their Fuel: Facts about the New Prime Power Mover read Inter- 
national Gas Congress, Paris. Aime Witz. (62) Nov. 15. 


The Investigation Gas Processes. A.C. Humphreys, (13) Nov. 
Drop-Forging Machines.* (11) Nov. 16. 


Special Lathes Paris.* (11) Nov. 16. 

Stone-Dressing Machine.* (11) Nov. 16. 

250-H.-P. Gas Engine.* (12) Nov. 16. 

Coal Dust Firing. (18) Nov. 17. 

Steam Engines the Exposition 1900.* (19) Nov. 17. 

The Bethlehem Patent Treatment for High-Speed Steel-Cutting Tools. (47) Nov. 17. 
The Laval Patent Steam Turbine.* (47) Nov. 


for Experiments Impact.* Prof. Hatt and Turner. (15) 


uminating Gas from Sewage Sludge. (24) Nov. 26. 
the Explosive Power Acetylene Gas.* Robert Fenn. (13) 


Ov. 29. 

The Allis Mill Engine.* (20) Nov. 29. 

Cranes the Paris Exhibition.* (11) Nov. 30. 

Machine tools the Stanley Show.* (11) Nov. 80. 

The Continuous Elevator.* (11) Nov. 30. 

The Size Tinplate Rolls. (22) Nov. 30. 

Machine Tools the Paris Exhibition.* Joseph Horner. (10) Dec. 
Machinery Agriculture.* George Ethelbert Walsh. (10) Dec. 
Motive Power from High-Furnace Gases.* Bryan Donkin. (9) Dec. 
Pulverized Fuel.* (25) Dec. 

The Development the Gas Engine. Ball, Jr. (10) Dec. 
The Steam Automobile.* Dec. 


Blast Furnace Gases Gas Engines. Prof. Joseph Richards. (3) 


ec. 

The Welsbach Light. (3) Dec. 

Liquid Air Automobile.* (46) Dec. 

Liquid Fuel. E.L. Orde. (47) Dec. 

Multi-Cylinder Gas Engines. Malcolm. (41) 

The Relative Efficiencies Triple and Quadruple Expansion Engines.* Mellanby. 


Dec. 
Why Compounding Gas Engines Failed. (41) 


the Construction Concrete Gasholder Tank.* Cockey. (24) 

Building Mighty Engines: Westinghouse Machine Company’s Work Aggregates 150 000 
Horse Power.* (62) Dec. 

Compressed Air Motors. (62) Dec. 


Reminiscences Early High-Speed Steam Engineering.* Charles Porter, Hon. 
Am. Soc. (13) Dec. 


ec. 


The Oechelhaueser Blast Furnace Gas Engine.* (20) Dec. 

American Coal Briquettes.* (46) Dec. 

Tests the Boiler the Purdue Locomotive.* W.F.M. Goss. (18) Dec. 
The Serpollet Steam Automobile.* (46) Dec. 


Tilustrated. 


CURRENT TECHNICAL LITERATURE. 255 


Mechanical—(Continued). 


Notes Purifier Construction.* Lewis. (24) Dec. 10. 

New Elliptical Lathe.* Prof.C. MacCord. (19) Dec. 15. 

Moteur Thermique.* Diesel. (37) Oct. 

Vapeur Compound, Soupapes Systéme (34) Nov. 


Metallurgical. 


The Chlorination Gold Ores Mount Morgan, Queensland.* Ernest Willoughby 

Blowing Engines. William Snyder. (58) Sept. 

Iron and Phosphorus. Stead. (11) Serial beginning Oct. 19, ending Nov. 25. 

Pig-Iron Casting Machine for Small Furnaces.* (22) Nov. 16. 

for Moulding Sand. (22) Nov. 16. 

The New Maywood Foundry.* (20) Nov. 22. 

The Orth Pig Iron Casting Machine.* (20) Nov. 29. 

The Chemical Phenomena Puddling. Cubillo, Assoc. (22) Nov. 30. 

The Chemistry and Physics Cast Iron. (3) Dec. 

Convenient Petroleum Furnace: Economical Apparatus for Ordinary Forge Work 
Used Russians.* (62) Dec. 

The Power Required Centrifugal Blowers for Cupolas and Forges. William Sangster. 
Jun. Am. Soc. (13) Dec. 


Military. 


New Element Warfare.* Zalinski. (10) Dec. 
Graphical Comparison the Efficiency Naval Guns.* (19) Dec. 

The New 12-inch Naval Gun.* (46) Dec. 15. 

Propos Nouveau Canon Pouces. (36) Nov. 25. 


Mining. 


Deepening the No. Shaft the Rheinelbe and Alma Nov. 
The the Red-Ash Colliery, Fayette County, West Virginia.* Page. 
Nov. 17. 

The Santa Rita Copper Mines, New Mexico.* W.C. Potter. (16) Nov. 17. 

Fatal Accidents Coal Mining North America. Hoffman. (16) Nov. 24, 

the Volume Small Drifts and Working Places.* Herzig. (16) 

ov. 24. 

The Telluride-Ores Creek and Kalgoorlie. Rickard. (16) Nov. 24. 

Newdigate Colliery. (22) Nov. 30. 

Dredging for Gold.* W.S. Russell. (45) Dec. 

Graphical Solution Mining Problems: Methods and Apparatus Which the Labor 
Calculation Can Materially Reduced.* Leo Gluck. (45) Dec. 

Notes Hydraulic Mining: Practical Points Necessary Considered Carrying 
Water Ditches, Flumes, (45) Dec. 

The Iron Ores British Columbia.* Mortimer Lamb. (9) Dec. 

Welsh Mine Cars: Detailed Description Some the Various Types Cars Use 
South Wales. Fox Tallis. (45) Dec. 

The New Gold Mill Republic, Washington. (16) Dec. 

The Southern California Oil-Fields.* (16) Dec. 

The Thew Single Truck Shovel.* (16) Dec. 

Machines pour des Mines Carriéres pour Construction des Tun- 
nels.* (36) Nov. 25. 


Municipal. 

Fallacies Good-Road Economics. Baker, Am. Soc. (13) Nov. 15. 
Shell Roads Maryland. (14) Nov. 17. 

Oiled Roads. (14) Nov. 24. 

National Good Roads and Public Imvrovement Convention Chicago. (13) Nov. 29. 
The Laying Out Towns and the Planning Model Industrial City. (13) Dec. 


Eclairage Intensif par Gaz des Parcs des Jardins Champs-de-Mars Troca- 
-dero.* (33) Nov. 10. 


Railroad. 

Consolidation Works the Palermo-Corleone Railway.* Robert Jarratt Money, Assoc. 
Inst.C. (63) Pt: 

The Development the Manufacture and Use Rails Great Britain.* Sir Low- 

The Great Central Railway Extension: Northern Division.* Frederick William Bidder, 

The Great Railway Extension: Southern Division.* Francis Douglas Fox, 

The Tocopilla Railway.* Robert Stirling, (63) Pt. 

The Wear Steel Rails Tunnels.* Thomas Andrews, (63) Pt. 

Locomotives for Russian State Railways.* (11) Nov. 

Locomotives the New Zealand Government Railways.* (12) Nov. 


Tilustrated. 
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Railroad—(Continued). 


New Locomotives for Atlantic City (12) Nov. 

Pullman Sleeping Cars for the Midland Railway.* (11) Nov. 

Notes English and French Compound Locomotives. Charles Rous-Marten. (47) 
Serial beginning Nov. 10, ending Nov. 24. 

Curious German Elevated Railroad.* (20) Nov. 15. 

Swing-Beam Trucks. (15) Nov. 16. 

The Connel Ferry and Ballachulish Railway. (12) Nov. 16. 

The Rebuilding the Chicago Alton. (40) Nov. 16. 

Locomotive for the North-Eastern Railway Switzerland.* 

1 ov. 16. 

Investigation Virtual Grades; Canadian Pacific Ry.* A.C. Dennis. (13) Nov. 22. 

Capacity Railway Wagons Affecting Cost Transport.* (11) 
Serial beginning Nov. 23, ending Nov. 30. 

Compressed Air Traction New York City.* (15) Nov. 

Italian Express Locomotive.* Nov. 23. 

Recent History the Atlanta West Point.* (40) Nov. 23. 

Saddle Tank Locomotive.* (12) Nov. 23. 

The Accident the Sud Express. (12) Nov. 

Progress work the Rapid Transit Tunnel, New York.* (46) Nov. 


Improvements the Chesapeake Ohio Ry., Richmond, Va.* (13) 


Vv. le 
Improved Sand Drier and Model Sand House.* (40) Nov. 30. 
Locomotive Fireboxes, for the Benefit Staybolts.* Gaines. (25) 


ec. 
80000 Pounds capacity, Chicago, Burlington Quincy (25) 
ec. 


Passenger Locomotive with Wide Firebox, Burlington, Cedar Rapids Northern Rail- 
road.* (25) Dec. 


Twelve-Wheel Two-Cylinder Compounds, with Wide Firebox for Soft Coal, Chicago 
Eastern Illinois Railroad.* (25) Dec. 

Two-Cylinder Compound Consolidation Locomotive, Minneapolis, St. Paul Sault Ste. 
Marie Railway.* (25) Dec. 

Elevated Railway Cars for Brooklyn.* (17) Dec. 

The Repair Shops the Brooklyn Rapid Transit Company.* Dec. 

Merits Steel Cold Drawn Tubes. Christian Larsen. (62) Dec. 

The Metropolitan Underground Railway Paris, France.* (13) Dec. 

Locomotives the Madison Incline.* Dec. 

Some Foreign Four-Cylinder Compound Locomotives.* Dec. 

Mechanical Integrator and Spring Dynamometer.* Max Wickhorst. (18) Dec. 


Vapeur dans les Cylindres des Locomotives Compound.* (36) 
ov. 


Les Locomotives 1900.* (33) Nov. 17. 
Sanitary. 


Water Measurements Connection with Centrifugal Pump Jourdan 
Avenue Drainage Station, New Orleans, La.* W.M. White. (1) Oct. 

Refuse Destruction and the Displacement Coal. (22) Nov. 

Mechanical Aids Sewage Purification.* (12) Nov. 16. 

Sewage Disposal Madison, Wis. (14) Nov. 17. 

Electric Lighting and Refuse Destruction. (12) Nov. 23. 

Typical Chicago School Heating and Ventilating Plant.* (14) Nov. 24. 

Aldershot Camp Sewage Farm. (11) Nov. 30. 

Ventilation and Heating the Atlanta, Public Library.* (14) Dec. 

Bradford Sewage and Its Treatment. (14) Dec. 


Structural. 

The Foundations for the Broad-Exchange Building, New York City.* 
13) Nov. 15. 

Civil Service Examination Questions for Structural Iron Designers.* (13) Nov. 22. 

The Hannibal St. Joseph Shops Hannibal, Mo.* (40) Nov. 

Licensing Architects and Architectural competitions. (14) Nov. 24. 


Expanded Metal and Some the Uses Which Put. Merritt. (3) Dec. 
The Peoria Train-Shed.* (14) 


The Practical Value Accelerated Cement Tests. (14) Dec. 


32) Oct. 


Nouvelle Méthode pour des Matériaux.* (37) Oct 


Nouvelles Prisons Départementales Seine, Fresnes-lés-Rungis (Seine).* 
Poussin. (35) Nov. 


Salle des Fétes (33) Nov. 
Topographical. 
Spirit Levels Engineer’s Field Instruments.* Van Duzee. (13) Nov. 22. 


Method Dividing Surveying Circles.* John Coleman Fergusson, Inst. 


(63) Pt. 


> 
A 
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Water Supply. 

New York Water Supply.* (12) Nov. 

with Numerous Circular Overflow Weirs; Denver Union Water 

(13) Nov. 

Detection Waste the Water Towns.* (12) Nov. 16. 

Specifications for Mechanical Filter Pian (14) Nov. 17. 

The St. Lawrence Power Company’s Plant Massena, Y.* (46) Nov. 17. 

Moving Water Horizontally Air Lift Pumps Point Pleasant, (13) Nov. 22. 

Wood-Stave Force Mains. (14) Nov. 24. 

Meeting the National Irrigation Congress. (13) Nov. 29. 

The Cauvery Power Transmission (13) Nov. 29. 

Deterioration the Peoria Standpi Herrick. (17) Dec. 

Reeves’ System Filtration.* (47 

The Latest Decision Affecting Underground Water Supplies, Borough Brooklyn, New 
York City. (13) Dec. 

The Soun the the Austin Dam.* Thomas Taylor, Assoc. 
Am. Soc. (13) Dec. 

Apple River Water Power Transmission.* Walter Morton. (27) Dec. 

The Lower Roxborough Filter Plant Philadelphia.* (14) Dec. 

Building the Great Wachusett Dam.* Dee. 15. 

Irrigation Victoria. George Gordon, Inst. 


Waterways. 


The Débris Problem the Sacramento Valley. Nov. 24. 

The Curtis Bay Coal Pier—Baltimore Ohio Railroad.* (15) Nov. 30. 

The Regulation the Yellow River China.* William (9) 

High- Protection Methods Lower Mississippi River. William Hardee, 
Am. Soc. (19) Serial beginning Dec. ending Dec. 

Experimental Investigations the Action Sea Water Accelerating the Deposit 
Silt the Formation Deltas. Leveson Francis Vernon-Harcourt, Inst. 

t. 4 

the Use Monier Pipes Pile Covering, and Place -iron for Cylinder 
Foundations.* Ernest Macartney Burgh, (63) 

nst 


Illustrated. 


DONATIONS THE LIBRARY. 
From Nov. 1900, 1900. 


Am. Soc. Mech. Engrs. bound vol., Library Bureau. bound vol. 
dos Civ. Portuguezes. Board Health. bound vol. 


pam Merchants’ Assoc. New York. pam. 
Brunner, John. bound vol. New South Wales Ry. Commrs. bound 


Canada—Dept. Marine Fisheries. Ingenieur und Architek- 
pam. ten-Verein. vol. 

Colo. Agricultural Exper. Station. Pratt Inst. Free Lib. pam. 

Conn. Civ. Engrs. Surv. Assoc. pam. bound vol. 

Daniels, bound vol. U.S. Navy Dept. 

France—Ministére des Travaux Publics. Dept. 

Inst. Civ. Engrs bound vol.,1 pam. Whipple,G.C. 

International Purification Syndicate. Wiley, John Sons. bound vol. 
pam. Worcester Polytechnic Inst. 
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ADDITIONS. 
MEMBERS. 
Date 
Membership. 
Res. Eng., Iowa Lines C., and R., Burlington, 
Epwarp 
534 Stimson Block, Los Angeles, 1900 
SENTARO, 
Care Japanese Consulate, Bishopsgate St., London, 
WINGATE, JR., 
Firm, Holbrook, Cabot Daly, Room 1140, Tremont 
ASSOCIATE MEMBERS. 
664 Gilbraltar Bldg., Kansas City, Dec. 1900 
May 31, 1898 
Care Frazar and Co., Yokohama, Japan.... Assoc. Oct. 1900 
Day, 
Asst. Engr., New East River Bridge, Jun. Dec. 1896 
ARNOLD CHARLES, 
Civ. and Hydr. Eng., Grand Island, Nov. 1900 
Chetwynd St., Liverpool, S., June 1900 
WHISKEMAN, JAMES PETER, 
Asst. Eng., Chf. Engr.’s Office, and Jun. Jan. 31, 1899 
ASSOCIATE. 
JR., 
Secy., United Building Material Co., 621 Broadway, New 
JUNIORS. 
Henry ENGLAND, 
3213 Eads Ave., St. Louis, Mo...... Oct. 1900 
GARFIELD, 
Care Choctaw, Oklahoma Gulf Co., Little 


| 
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CHANGES ADDRESS. 


MEMBERS. 

1838 Aldine Ave., Chicago, 

BissELL, Monroe Ave., Chicago, 

WALTER 2819 Dunbar Place, Milwaukee, Wis. 

Jacobs and Davies, Cons. Engrs., 128 
Broadway, Room 1209, New York City. 

Mt. Vernon St., Malden Station, Boston, 
Mass. 

Henry 147 Via Frattina, Rome, Italy. 

Denis Colborne, Ontario, Canada, 

LELAND, WARREN ALLSTON.......... Asst. Eng., Eng. Corps, New Brook- 
land, near Columbia, 

..247 Fifth Ave., New York City, 

Room 1115, Fullerton Bldg., St. Louis, 
Mo. 

503 Merchants’ Bank Canada Bldg., 
Montreal, Canada. 

CHARLES Care West Branch Valley R., Clear- 
field, Pa. 


ASSOCIATE MEMBERS. 


CHRISTIAN, GEORGE East 238th St., Woodlawn, New York City. 

...... Supt., Tampa Water Co., Tampa, Fla. 

THomas Care Colorado Fuel and Iron Co., 
Pueblo, Colo. 

JOHN Asst. Eng., Bdgs. and Bldgs., 
Co., Mt. Royal Station, Baltimore, 
Md. 

636 Main St., Bridgeport, Conn. 

Martin, LEVERICH........ Broadway, Brooklyn, 


Galion, Ohio. 


JUNIORS. 
Boone, 
Runyon, 111 Central Ave., Newark, 
SPRINGER....... Asst. Eng., New Croton Dam, Eastern 


Ave., Sing Sing, 
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RESIGNATIONS. 
MEMBERS. 
Date 
Resignation. 
Forp, PorTER Dec. 4, 1900 


DEATH. 


Henry WADSWORTH.......... Elected Member Jan. 6th, 1886; died Oct. 
26th, 1900. 
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Vol. XXVI. DECEMBER, 1900. No. 10. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


CONTENTS. 
Papers presented: PAGE. 
The Construction Gravity Sand Filters Nyack, 


Discussions Papers which have been presented 
The Preservation Railway Ties Europe. 


Messrs. BoARDMAN REED, GEORGE MENDES COHEN, 
SaMUEL WHINERY and SAMUEL 


Canals Between the Lakes and New York. 


Direct Method Spacing Rivets and Finding the Position, Etc., Stiff- 
eners Plate Girders. 
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Vol. DECEMBER, 1900. No. 10. 


AMERICAN SOCIETY CIVIL 


INSTITUTED 1852. 


PAPERS AND DISCUSSIONS. 


Society not responsible, body, for the facts and opinions advanced 
any its publications. 


THE ADJUSTMENT TRANSIT SURVEY 
COMPARED THAT COMPASS 
SURVEY. 


Compass SURVEY. 


The method adjustment the latitudes and departures 
compass survey Dr. Bowditch’s rule, distributing the error 
latitude proportionately the lengths the sides, and similarly for 
the departures, familiar all civil engineers and surveyors. 

The fundamental principles upon which based, and the 
assumption which was made render the rule simple, are not 
generally known. 

The main steps are readily traced. The equation 

this equation differentiated first with respect and then 
with respect will give the effect upon the latitude small 
change distance, small change bearing. 


papers are issued before the date set for presentation and discussion. 
Correspondence invited from those who cannot present the meeting, and may 
sent mail the Secretary. Discussion, either oral written, will published 
subsequent number Proceedings, and, when finally closed, the papers with discussion 
full will published Transactions. 
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The uncertainty, error usually called, latitude, due 
the combined effect uncertainty distance and also bearing, 
equal the square root the sum the squares the effects due 
each separately, where positive and negative errors are equally 
probable. Thus, error distance, replacing d/, the 


error bearing, replacing the corresponding error latitude 
squared, 


For the departure, 

(3) 
Differentiating and substituting above, 

Dr. Bowditch assumed, 

which reduces equations (2) and (4) 


e., the squares the uncertainties, probable errors, latitude 
and departure, are proportional the lengths the sides. 

the Method Least Squares shown that the most probable 
corrections will those the sum whose squares minimum after 
each correction has been divided its probable error; e., the cor- 
rections latitude for the different sides denoted 
shall have 


2 2 
minimum. 
Differentiating, 


Since the sum the corrections must equal the total error lati- 
tude with its sign changed, constant, 


Differentiating, 
Comparing (7) and (8), and remembering that each must hold what- 
ever the number sides, v’s, have 
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e., the-corrections latitude are proportional the lengths the 
sides, according the old rule. 

The same demonstration will hold for the corrections departure. 

The interesting point, this connection, the assumption— 
Equation Dr. Bowditch that the probable error 
chaining equals the probable error bearing (in 
plied the distance, and increases the square root the 
distance. 

the distance, but comparing the different lines survey measured 
with the same chain, the square root the distance assumed above 
more nearly correct. Assuming uncertainty which would amount 


ft. 500, which not unreasonable for compass work, would 
have from (5) 


Substituting for different distances gives the results shown 
Table No. 


TABLE No. 
Distance, feet. Uncertainty chaining, feet. Uncertainty bearing. 
1.00 


examination Table No. will show that the assumption 
fairly reasonable, although gives too great weight the bearings 
long lines, and perhaps too small those very short 

The method thus satisfactory accuracy and simplicity when 
applied the adjustment compass survey. 


SURVEY. 


transit survey proper, bearings are taken except 
check, but the horizontal angles between the lines are measured. 
computing latitudes and departures, co-ordinates, meridian 
assumed, and the bearings azimuths are computed frem the 
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horizontal angles. The bearing the first line from the meridian 
involves only one angle; that the second, two angles; etc., one-half 
way around the figure; the bearings for the other half being more 
accurately computed working backward from the meridian. 

Thus, with the following notes: 


The discrepancy angle work thus thrown into the difference 
between the bearings the two lines meeting and would not 
properly distributed the compass method adjustment. 
the deflections were first adjusted close the figure, the compass 
survey method would allow the inaccuracy the chaining change 
the adjusted angles without giving proper weight the accuracy 
angle measurement. 

There thus reason assume, appears have been almost 
universally done, that because the Dr. Bowditch rule gives close 
adjustment for compass survey, will for transit survey. 

Theoretically, there are three equations which must satisfied 
adjusting the observed quantities: 


(a) The sum the interior angles must equal twice many 
right angles the figure has sides, less four. 

The algebraic sum the latitudes must equal zero. 

(c) The algebraic sum the departures must equal zero. 


The Method Least Squares requires that the corrections must 
such satisfy the above conditions, and make the sum their 
squares, each square being divided the square its probable 
Since each bearing must expressed terms 
the measured angles, and the number measured angles each 
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varies from one one-half the number sides, the labor involved 
too great for the adjustment ordinary transit survey. 

ordinary work the probable error angle need not exceed 
minute, care taken setting over the points and plumbing the 
flag poles, using tacks the stakes for all lines less than 300 ft., 
without delay from the back sight the front sight, and 
lining point swing from for all lines less than ft. 
With these precautions, the probable error need not increase with the 
shortness the line, with the compass. 

very rough ground, going through brush, where the flag 
pole partly hidden, may difficult keep the probable error 
below minutes; while, for careful work, the probable error can 
readily kept within minute. 

For good work the length sight should limited about 
200 ft. 

Ordinarily, will more difficult measure distances 1:500 
than angles minutes, while accuracy 000 seldom reached 
except level ground for city work. 

The accuracy angle work thus considerably greater than that 
chaining, minute angle giving 0.15 ft. 500 compared with 
inchaining; or, 0.5 minute, 0.15 ft. 000, compared with the 
ft. due the more accurate chaining. 

this account, will admissible first adjust the angles 
close the figure, then compute the bearings azimuths and assume 
them correct the final adjustment. 

This leaves only the two conditions: 

(6) Sum latitudes equal zero. 
(c) Sum departures equal zero. 

That is, 

where the total corrections are applied the basis inaccuracy 
chaining. 

order derive these corrections the basis least squares, 


q 
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Substituting (10), 
where 
For convenience, change (11) 


where denote latitudes and departures. 
Aside from (12) must also have mini- 
mum, for equal accuracy chaining the different lines; or, the ac- 


curacy chaining assumed decrease the square root the 
distance, 


=minimum. 
Differentiating, 


the dv’s were independent, their coefficients would have sep- 
arately equal zero for (13) hold true. But the are connected 
(12). Differentiating (12), 


eliminate (13) for each (14), the remaining dv’s will 
independent, and hence their coefficients will separately equal zero. 
This elimination best done the method indeterminate multi- 
pliers, multiply the first (14) the second and (13) 


Now give and such values that the coefficients two the dv’s 
will zero, thus eliminating them. The remaining dv’s will inde- 
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pendent, and hence their coefficients will zero. This makes the 
coefficients all the dv’s (15) equal zero, giving 


and add; then D,, and add; then (12) 


usual, denoting the number similar terms, 


2 2 


Substituting (16), 


Solving, 
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Having adjusted work, the angles, geometrical con- 
sistency, distributing the small error closure equally among the 
angles, and having computed the co-ordinates, Formulas (18) (23) 
give the method adjustment the co-ordinates and the measured 
sides least squares. deriving these formulas the assumption 
made Dr. Bowditch, that the inaccuracy chaining increases 
the square root the distance, has been retained. The application 
quite simple, all the terms are made from the latitudes, de- 
partures and distances already entered upon the co-ordinate sheet, 
while the multiplications and divisions can made with the ordinary 
slide rule, retaining only three figures. 

order equalize numbers, retain the same number 
decimal places throughout, used place /in (18), and the 
change carried through, follows: 


2 
D, L, D, a’ 
4 1 1 
v 


a’ 
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With the following notation: 
may called auxiliaries; 
denotes the summation number similar terms; 
and departures, respectively. 
The application the method best shown problem. 


TABLE No. From Data GIVEN. 


LATITUDE, 
1002 
the tion. 
487.8 |...... 391.3 


The observed angles foot minutes too small. each angle 
0.6 minute added, and the azimuths computed with 5-1 axis. 
The latitudes and departures are computed and added usual, giving 
5.5, and 7.8. The three columns the right are 
used finding fill them out, set the slide rule lati- 
tude divided distance ~/) for each horizontal line and multiply 
one-hundredth the latitude (0.01 for the corresponding term 


2 
the column with the same settings multiply one-hun- 


dredth the departure for the corresponding terms the 


Then set departure divided distance and multiply one- 


column. 


> 
t 
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hundredth the departure for the column. Add the three 


100 
tute giving 


the corrections the latitudes and departures only are required, 

computing areas co-ordinates, use (21)' and (22)’. Todo 

set the slide rule and multiply each number the 


column for the first term each latitude correction, and each 


for the first term each departure correction. Then set the 


value y’, and multiply each for the second term each 


for the second term each 


latitude correction, and each 


departure correction, giving: 


Check, 


the corrections the distances only are required, for 
geometrically consistent description record map, use (19)'; the 
setting the slide rule giving all the first terms when multiplied 
one-hundredth the latitudes, and the setting the second terms 
when multiplied one-hundredth the departures. Thus: 
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corrected co-ordinates and distances are both required, will 
less work find the distance corrections first and the co-ordinate 
corrections from these the first portions (21)' and (22)’. 


TABLE No. ACTUAL SURVEY. 


Angles closed without adjustment. 


some cases base reference lines and stations are carefully 
located, and the other work adjusted them; others, survey ex- 
tended after adjustment has been made which desired not 
disturb. These cases are treated omitting the terms and corrections 
for the perfect lines, which forces all the corrections into the unad- 
justed parts. 


tion Bearing. tance. 1007 1007 
n= | — 0.48 = — 0.10 
160 15.55 
160 15.55 


i 
| 
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Thus, the foregoing problem, 6-1 regarded perfect, 

= 9 56: = 3.95. 


2 2 


3 


check. 

The method thus lends itself readily the fitting new old 
work which has already been adjusted. 

The application the method adjustment given consider- 
able detail that can used mechanically the same the old 
compass survey method without looking its theoretical basis. 
cannot stated concisely the old, and the numerical work in- 
volves more labor corrected co-ordinates only are required. case 
corrected distances are required, give with the bearings 
cally consistent data for record map description, this requires less 
labor than the old method, for the corrected distances are used di- 
rectly with the bearings, while the old method neither corrected 
distances nor bearings can obtained without special computation 
after the co-ordinates have been adjusted. 

The method has good theoretical basis for the conditions assumed, 
viz.: small errors closure for the angles and inaccuracy chain- 
ing increasing the square root the distance, while the old method 
has none for transit work. 
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THE CONSTRUCTION GRAVITY SAND FILTERS 
NYACK, 


The Village Nyack situated the west bank the Hudson 
River, about miles from New York City. The Villages South 
Nyack and Upper Nyack adjoin either side, and are supplied 
with water. The combined population about 000. 

These villages were originally supplied from springs gravity, but 
1884 the company then owning the works found necessary 
increase this supply pumping from Hackensack Creek, the present 
source four-fifths the supply. 

the proportion Hackensack Creek water spring water 
increased, dissatisfaction among the consumers likewise increased, 
until, 1893, the Village Congers constructed shallow lake 
damming branch the stream and flooding area which had 
never been cleared the stumps surface soil. The water then 
became unbearable, and the villages applied the State Board 
Health Accordingly, the Board made report 1894 
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advising the water company filter the supply. Nothing, however, 
was done that time. 

July, 1897, the Village Nyack acquired the plant the Nyack 
Water-Works Company condemnation proceedings, and began 
consider the improvement the supply. 


SAND FILTER 
FOR 
VILLAGE NYACK 
NEW YORK 


$3 
at 
' 
8 


Screen Chamber 


WEST SHORE R. 


Driven wells were tried and failed. gravity supply from more 
sparsely settled water-shed was considered, but the estimated cost 
exceeded the available means. The filtration the present supply 
was then recommended and adopted. 
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DESCRIPTION 


The filter the open, gravity, sand type, and was designed for 
slow filtration. located the Hackensack River, 
about miles west the village, and just north the West Nyack 
Station the West Shore Railroad (Fig. 1). 

consists two rectangular beds equal size, with combined 
filtering area 400 sq. ft., 0.38 acre, and pure-water reservoir 
having capacity 44000 galls. built wholly excavation 
below the level the creek, and protected earth embankments 
from high water, which floods the surrounding ground. Several 
cross-sections are shown Fig. 

The enclosing walls are concrete height about ft. ins. 
above the bottom. Abovethese walls vitrified brick paving laid 

The bottom concrete, and the regulating and intake chambers 
are brick. The division wall above the sand brick; below the 

The filtering material consists ft. sand underdrained ft. 
gravel and 6-in. tile pipe. Each bed has main drain tile pipe 
leading the regulating chamber. 

The pure-water well built brick, and the bottom concrete. 
entirely separated from the filter, but connected with the regu- 
lating chamber 12-in. cast-iron pipe. 


DETAILS CONSTRUCTION. 

The excavation was begun during dry weather August, 1897. 
After removing ft. black muck top, damp red clay was 
encountered, and the deeper the excavation was carried, the more wet 
and tenacious became the clay, and the more difficult became 
handle. Shovels and spades were used cut blocks which were 
then thrown wagons the hands. Teaming was impossible, 
except roadways old railway ties plank. 

The depth the cut made averaged 12.5 ft. After depth 
ft. was reached, the sides the excavation, which this 
time had stood nearly vertical, cracked back from the face distance 
ft., and subsided, making corresponding elevation the 
adjacent bottom, which had become very soft and puddled teaming 
over it. 
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remedy this difficulty, excavating the easterly end slope 
was tried, with like result when the same depth was 
and evident that, with this method excavation, the 
required depth could not reached. 

The contractor had taken the excavation the low price cents. 
percubic yard. was evident that was losing money this part 
the work, and, becoming somewhat discouraged, finally aban- 
doned it. 

Rudolph Hering, Am. Soc. E., was then asked report 
the situation for the village. his advice, soundings were made over 
the entire area. These were made with iron rod in. diameter 
and ft. long, which was arranged sliding weight. This weight 
was made short section 6-in. cast-iron water pipe, the center 
which was piece 1}-in. wrought-iron pipe, the space between 
being filled with lead. bottom was iron plate, the whole 
weighing about 130 

The weight was lifted two men and allowed fall adjust- 
able clamp. The height which was lifted varied from ft., 
and record was taken the depth penetrated each ten blows. 
The upper part the rod was steadied tripod. withdraw the 
rod 3-ton block and fall was used. 

These soundings showed the presence water-bearing gravel strata. 
varying from ft. the westerly end the easterly end 
below the proposed bottom the filter. Mr. Hering then advised 
continuing the construction the use sheet-piling and sustaining 
piles. 

Before the sheet-piling could started, the creek broke through 
the bank and flooded the excavation. This made necessary drive 
line 8-in. tongued and grooved spruce sheeting between the 
creek and the excavation. This sheeting was driven depth 
ft. below the proposed bottom the filter. The water 
pumped out, and the whole area surrounded single row sheet- 
piling the same kind. The latter sheeting was driven within the 
excavation and ft. outside the foundation line the filter. Sus- 
taining piles were then driven the proposed site the walls. 

driving the sheeting was found that most places could 
driven clear through the gravel strata into softer material below. For 
this reason the round piles were driven with blunt ends least 
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ins. diameter. Although some the 332 piles thus driven evidently 
stopped the gravel strata, fully two-thirds the number depend 
largely friction for sustaining power. 

The maximum weight sustained each pile under the outside wall 
about tons; under the division wall, tons. The sheeting cost 
cents per foot, board measure, driven, and the cost the sustaining 
piles averaged $4.42 each, place. 

Just this time, April, 1898, the funds available for this work 
gave out and the construction came standstill. Soon after, 
during high water, the excavation was flooded second time. re- 
mained this condition until July, 1899, when the work was again 
taken up. 

The original plans and specifications were modified meet the 
new conditions, and new contract was let. The changes were 
follows: 

First.—The level the whole bed was raised ft., and the depth 
the filtering material was reduced from ft. This made 
total raise ft. the bottom the filter, and reduced the average 
cut 10.5 ft. 

Second.—Concrete was substituted for brickwork the walls below 
the level the top the sand, and slope paving was substituted for 
the vertical walls above this level. 

Third.—All brickwork exposed the elements was faced with 
vitrified brick. 

After pumping out the water, the excavation was carried down 
the proper depth the site the outside walls, the piles were sawed 
off and capped, and the walls were started before attempting 
excavate the interior. 

The sheet piling was exposed this excavation for depth 
ft., and was seen practically water-tight. had tendency 
crowd the top, account the pressure it, and, order 
brace it, the outside row sustaining piles was left standing. 
Inclined braces, running footing railroad ties, were also found 
necessary. 


one place, where the sheeting had been pushed over far 
interfere with proper construction, was forced back part way 


screw jacks after relieving some the pressure excavating 
behind 


] 
P| 
4 
\@ 
ig q 
| 
} 
7 
| q 
| 
4 
q 
| 
| 
| 
{ 
| q 
q 
| 
| 
q & 
3 
> 
| 
| 
| 
| 
| 
7 
| 
q 


1182 HOUSTON GRAVITY SAND FILTERS. 


the easterly end derricks and buckets were used handle the 
excavated material and place the concrete, but were not found 
necessary after the wall that end was completed. interior was 
excavated with teams. Very little water was encountered until the 
walls and floor the east half were nearly completed, when large 
spring broke out the center the excavation point over which 
all the teams bringing material for concrete had passed and had con- 
sequently puddled the clay. This was stopped this point, but 
broke through point about ft. distant. 

Underdrains were laid leading the water the pure-water well, 
which had been sunk depth somewhat lower than the filter, and 
was kept dry centrifugal pump. 

This and similar spring which broke through later were left until 
the beds were otherwise completed, and were finally stopped filling 
with from cu. yds. field stone and concreting over it, 
ing 15-in. vitrified pipe through the concrete for drain. When the 
concrete set, 6-in. pipe was placed inside the 15-in. pipe, and 
bagging was rammed down and loaded with concrete, which 
was covered with bagging, prevent the water which dropped over 
the edge from washing out the cement. was found that there 
was not head enough raise this water above the sand line, and the 
spring was stopped with and concrete. 

The piles were capped with 8-in. yellow pine stringers spiked 
each pile two 14-in. drift bolts. Where the ends these 
stringers met they were joined with scarf joint and bolt and nut. 

The piles the row next the sheeting were notched receive 
the stringers, shown Fig. these stringers, and angle 
45° with them, 2-in. hemlock planks were nailed. top these, 
and angle 90° with the former planks, were nailed 2-in. and 
hemlock plank, laid alternately, thus making well-braced plat- 
form sufficiently rough give good footing for the walls. 

The cost the piles, capping and platform averaged per foot 
wall sustained. 

The forms for the walls were then erected. They were made from 
2-in. hemlock plank. some instances forms were used for the back 
the wall, but most the construction the concrete was carried 
back against the sheeting, and the piles the outside row were con- 
creted into the wall. 


| 
| 
e 
| 
} 
i 
q 


PLATE XLIX. 
PAPERS, AM. SOC, 
DECEMBER, 1900. 
HOUSTON GRAVITY SAND 


j 
| 
| 
| 
| 
4 


2.—UNDERDRAINS AND COLLECTOR WEST FILTER BED. 


4 
| 


HOUSTON GRAVITY SAND FILTERS. 1183 


some instances the inclined braces supporting the sheeting were 
also concreted into the wall and left until just previous putting 
the sand, when they were either taken out and the hole filled with 
concrete, sawed off and cut back from the face the wall least 
ins. and covered with Portland cement concrete. 

The face the outside walls below the sand line was stepped 
ins., and the division wall ins. each foot rise. With the excep- 
tion the division wall, which was uniform dimensions throughout, 
the concrete walls varied thickness according their location. The 
concrete the south wall averaged 0.8 cu. yd. per lineal foot; that 
the east wall averaged 0.33 cu. yd. per lineal foot, and that the 
north and west walls 0.7 cu. yd. per lineal foot. The division wall 
averaged 0.61 cu. yd. per lineal foot. 

The floors were placed 1-in. hemlock plank, laid the clay 
prevent the concrete from mixing with the soft bottom. 

They were made Rosendale cement concrete 0.66 ft. thick, 
topped with Portland cement concrete having average thickness 
0.22 ft. 

All concrete was mixed hand. cement concrete for 
the walls and floor was composed part cement, parts sand and 
parts broken limestone, varying from in. ins. greatest 
dimensions. The Portland cement concrete the floors was mixed 
the proportions part cement, parts sand and parts broken 
limestone. 

The faces the concrete walls were first pointed with 
Rosendale cement, and then plastered with Portland cement. 

The floors cost $1.50 per square yard place. The concrete walls 
cost $4.40 per cubic yard place. The labor mixing and deposit- 
ing the concrete for the walls was man, 0.42 day per cubic yard. 
For the Rosendale cement concrete the floors, man, 0.32 day per 
cubic yard. 

The division wall, above the sand Jine, was built brick Port- 
land cement, and faced with vitrified brick. The slope paving was 
laid foundation ins. Portland cement concrete, composed 
part cement, parts sand and parts broken limestone, varying 
from in. ins. greatest dimension. The vitrified brick slope 
paving and all other brickwork, with the exception that the house 
over the regulating chamber, was laid Portland cement mortar. 
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The average cost the exterior concrete wall, slope paving and 
curb was per lineal foot. The average cost the division wall was 
$5.19 per lineal foot. The ordinary brickwork the walls cost 
per cubic yard. The vitrified brickwork the walls cost $8.40 per 
cubic yard. 

The intake chamber extends outside the first row sheeting, and 
circular form the outside, better withstand the pressure. 

The filtering grave] the following sizes: The bottom ins. 
depth varies from ins. in. greatest diameter; the next ins., 
from the top ins., in. and less. With the exception 
small portion the top layer, the gravel the east half 
crushed trap rock and hard field stone; the west half washed 
gravel from Cow Bay, Long Island. 

The sand was obtained from Cow Bay, and was delivered barges 
the dock Nyack, from which was carted the beds wagons. 
was placed the beds received, was also the crushed stone 
and gravel. Both sand and gravel cost $2.15 per cubic yard place. 

During the first week the filter was operated the water was wasted, 
account its being quite turbid and tasting the cement. After 
that, was pumped into the reservoirs, although still quite turbid. 
After about month became decidedly better, and the end the 
second month the turbidity could scarcely noticed ordinary 
glass, but still showed slightly the regulating chamber, where 
there was depth about ft. 

After three months the water was free from all turbidity, but had 
slight color. Ina glass small vessel appeared colorless, but 
where there was any considerable depth, the regulating chamber, 
could easily noticed. 

the intake chamber there ordinary 12-in. Ludlow 
float valve, which regulates the depth water over the sand ft., 
when the pumps are running; otherwise, ft. 

The rate filtration regulated the pumps, which draw from 
the pure-water well and supply the reservoirs the village. The 
pumps are use almost every day for least hours, and run 
uniform rate while operation. 

The maximum consumption water the rate about 630 000 
galls. per day, which, one bed only were used, would give maximum 
draft about 326 000 galls. per acre per day. This condition, how- 
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ever, not realized practice, both beds are used the same time, 
except when one being cleaned. 

The development the springs before mentioned reducing 
some extent the amount filtered water required, and the total con- 
sumption being decreased the gradual introduction meters. 

The pure-water well was sunk shoe made three rings 
4-in. yellow pine bolted together. Each ring composed six sections. 
This makes solid shoe ft. internal and 28.5 ft. external diameter. 

excavation, about ft. deep, was made the site the well, 
and the shoe was put together the bottom. Around this shoe was 
erected tub casing 6-in. 15-ft. yellow pine plank, spiked 
the shoe and held place three iron hoops drawn tight bolts 
and nuts. The 20-in. wall was then built this shoe height 
feet. 

Excavation with derricks and buckets was then begun, but, later, 
the second contractor erected centrifugal pump, and, using jet 
water from the mains under about 150 lbs. pressure, softened the 
clay and pumped out. 

The floor was made laying 2-in. planks the bottom, and over 
them 8-in. yellow pine timbers, inserted holes cut the brick- 
work just above the shoe. Rosendale cement concrete ft. thick and 
the same character that the bottom the filter, was then laid 
the bottom, thus covering the 8-in. stringers 4ins. deep. 
this 4-in. layer Portland cement concrete was placed. 

The well was covered with spherical dome ft. rise, the radius 
the sphere being ft. relieve the thrust this dome, #-in. 
cable was built the spring line. this cable, 125 ft. were used, 
being double the side toward the filter. 

The embankments were formed with the material excavated from the 
original surface, without cleaning grubbing. Where was found 
necessary make embankments upon which the slope paving was 
rest great care was taken have thoroughly compacted tamping 
and then settling with water. Nothing was done compact the 
embankments above the slope paving, except the ordinary teaming 

overthem. They were designed and constructed originally slope 
with the walk ft. above the curb. They were completed 
about December, 1899, and, therefore, could not seeded. The 
thawing the spring, became semi-liquid and ran until 
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the curb and upon the filter beds which were then being used. This 
was cleaned off, and then the banks were cut back slope, 
topped with ft. loam, and seeded, and the grade the walk 
lowered the top the curb. 

order keep the foot the embankment place was found 
necessary excavate the walk the 4-in. sub-grade and fill with 
crushed stone; which furnished sufficient weight prevent the press- 
ure the embankment from raising the soft material under the 
walk. 

When the beds were cleaned for the second time was found that 
the clay had never been thoroughly removed from them. order 
remove it, the sand depth from ins. was taken off and 
replaced with clean sand. The beds were finally completed about May 
1900. 


The cost the filters shown the following table: 


Sustaining piles place.............. 558 
Rosendale cement concrete 958 
Portland slope paving ........... 484 
Vitrified brick, slope paving 113 
Hemlock lumber, capping and floors.................. 838. 
House over regulating 150: 
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EUROPE. 


Discussion.* 


SAMUEL WHINERY and Rowe. 


James Am. Soc. E.—This interesting paper con- Mr. Croes. 


tains many valuable facts and figures, but the variety notation used 
presenting them renders somewhat difficult compare the results 
attained different countries and different processes preserva- 
tion. Thus, Table No. which gives data from English railroads, 
the amount creosote used given pounds per cubic foot, gallons 
per cubic foot, pounds per tie and gallons per tie, indiscriminately, 
without any statement the relation the tie, the cubic foot, the 
pound and the gallon. Then, too, the number ties renewed annu- 
ally given without any reference the total number ties use 
the length the track, except one case where the number ties 
renewed annually per mile given. So, also, Table No. giving 
data French railroads, the length track which the observations 
were made not given all; simply the total number ties renewed 
annually. However, the cost treatment per given uniformly 
American cents per tie and that is, after all, what necessary 
know, connection with the life the tie, determine the relative 


*This discussion (of the paper Octave Chanute, Past-President, Am. Soc. E., 
printed Proceedings for September, 1900) printed Proceedings order that the 
views expressed may brought before all members the Society for further dis- 
cussion. 

Communications this subject received prior January 26th, will printed 


later number Proceedings, and subsequently the whole discussion will published 
Transactions. 
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advantage using different methods treatment treatment 
all. the author well says, not economical spend 
much money the preservation cheap tie might spent 
extending the life one great first cost, and, therefore, cheaper 
and more inferior methods preservation than are found advanta- 
geous Europe, where the timber costs more, may well applied 
this country. 

The author gives the first two the leading features tie 
treatment Europe, (1) close inspection raw ties, rejecting all 
defects, and (2) thorough seasoning for six twelve months before 
treatment. appears that has found desirable introduce 
these features his own works this country. number railroad 
managers and engineers have found their advantage take the 
same precaution with reference the ties used their roads, 
without treatment. Indeed, some engineers far say that 
this preliminary treatment appears prolong the life the average 
tie more than the subsequent injection quantity cheap 
chemicals. would seem this question was worth careful 
investigation and comparison two distinct sections road, one 
laid entirely with untreated ties selected and seasoned under cover 
for proper length time, and the other laid with treated ties from 
some one the commercial tie plants. One difficulty connected with 
the determination the whole question is, the author says, the fact 
that requires nearly half business lifetime arrive any results, 
and the proportion official lifetime much greater. carrying 
out any series experiments inspection, uniformity method 
desirable, and that not easily maintained under changes adminis- 
tration. From the Society lists for the years 1890 and 1900 appears 
that one hundred members holding the position chief engineer 
railroad the former year only 30% held the same position 1900. 
Promotion, transfer, resignation death, had caused the changes 
administration, and, the absence any uniform and standard sys- 
tem recording facts and statistics, had doubtless produced changes 
method which caused previously collected data little 
use. The valuable papers Mr. Chanute and Mr. Curtis* empha- 
size the need concert action among the engineers railroad 
maintenance, the collection and recording important statistics. 

ties the Metropolitan Railway, and, nearly the speaker can 
ascertain, these were laid about eight yearsago. out some 
them recently, they were found soft would not holda 
spike. They did not seem decayed, but had evidently absorbed 
more less moisture from the ground, and were not fit used 
again. other hand, some long-leaf Georgia pine southern 

Transactions, Am. Soc. E., Vol. xlii, 288. 
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pine ties, without any treatment, which had been laid the speaker Mr. Reed. 


six years seven years ago, are perfectly fit used again, and are 
thought good for five six years’ more service. course, the 
conditions are different from what they would steam railroad, 
elevated railroad. The ties are protected, more less, the 
paving the streets, and are surrounded the gases various kinds 
under the street pavements New York. Whether not that isa 
preservative, the speaker unable say. 

Eight nine years ago, the speaker used 000 vulcanized ties 
surface railroad the northern part New York State. Five six 
years later, owing change the paving, some these ties were 
dug and were found soft that they would not hold spike, 
although they did not show much decay. 

These ties were short-leaf yellow pine, which may one cause 
for the trouble. The wood was certainly softer the beginning than 
the hard pine now being used the streets New York where tie con- 
struction used. 

The speaker not able say whether not these soft ties would 
have hardened when dried out exposure the air. did not try 
them, did not think they were worth saving. The whole tie was 
very soft, and there was not great deal moisture. The ties 
referred were taken out the intersection Twenty-third Street 
and Ninth Avenue, where the ground not low, but fairly well 
drained, although the paving that point had concrete founda- 
tion, and more less moisture could get through the pavement into 
the ground. The other ties taken out (long-leaf southern pine, not 
treated) were South Street. They were protected more less 
concrete foundation under granite block pavement, with tar and 

gravel joints, but South Street very wet great deal the time; 
fact, flooded with water for long time after storm, that the 
ground underneath good deal more moist than Twenty-third 
Street and Ninth Avenue. 


Am. Soc. E.—The speaker was interested Mr. Tillson. 


some time ago looking the methods and history the pres- 
ervation timber, see how long ago was first taken up, and the 
many and curious experiments which were made. known that 
far back 1657 German recommended the use tar preserva- 
tive timber, and Baumeister, 1798, was very much favor the 
use salt. was found that the timber used ships engaged the 
salt-carrying trade, well used the shoring salt mines, 
lasted much longer time than timber under ordinary conditions, and 
the speaker was surprised this last summer, when visiting the wooden 
shipbuilding section Maine, find that they made use that prac- 
tice there now. The distributed great quantity among the 
timbers the framework the vessel, between the outer and the 
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inner planking, and adds materially the life the vessel. This 
value the salt considered more account its hygroscopic than 
its antiseptic properties. 

Boucherie, whom the author speaks, had system treatment 
the early part the nineteenth century, which was certainly novel 
and unique. The timber treated was chosen while standing 
the forest. Large cuts were made the bottom the trunk and 
receptacle built around it; then the liquid proposed used was 
put this receptacle and the respirative action the tree— 
the suction—drew the liquid into the trunk and branches and thus 
preserved it. Another method, practically the same, although some- 
what different detail, was cut the tree down first and then insert 
the butt the tree vat containing the preserving liquid. 
stated Parnell’s Applied Chemistry that poplar tree ft. high 
absorbed cu. ft. acetate iron six days, the liquid having 
specific gravity 1.056, and that would far the leaves. 
engineering admitted the adaptation the powers Nature 
the uses man, this would seem case the pure science. 

Mr. Kummer’s paper* some reference made the treatment 


-of wood for pavements. The speaker thinks that Indianapolis, Ind., 


Mr. Cohen. 


the only city this country which wood paving material for 
improved pavement being considered seriously. Experiments 
have been conducted there for three four years, and this year 
large quantity has been laid. The timber treated the ordi- 
nary creosoting process, the specifications requiring oil per 
cubic foot wood. The pavements treated this method cost 
about $2.50 per yard. London and other English cities which use 
wood pavement, soft wood, Baltic deal, treated, while hard 
Australian woods are untreated. course, the principle which 
they determine whether they shall shall not creosote the wood 
practically the same with railroad ties. the traffic such that 
the wood will wear out before would naturally decay, not 
treated; but the traffic light, that the wear will not very 
much, but the life the pavement determined its ability 
resist the action the weather, then the question creosoting comes 
in, and when the relative lives the creosoted and the uncreosoted 
blocks are known, and also the cost the treatment, whether shail 


shall not used simply question mathematics, the 
case ties. 


Past-President, Am. Soc. E.—When this 
was under discussion before the Society some years ago, the speaker 
stated the result his experience with the Burnettizing process 
the railways the Lehigh Coal and Navigation Company, while under 


Proposed Method for the Preservation Transactions, Am. Soc. 
Vol. xliv, 181. 
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his charge, that the process was effective, not only increasing the Mr. Cohen. 


durability the ordinary tie timber, but that, measure, tended 
lessen the original average cost the ties making available for 
such use some the softer timber, greatly toughened the treat- 
ment, which could not, otherwise, have been used the track. 

also then stated that the use the Burnettizing process was 
suspended that work only because the location and arrangement 
the yard and plant was not consistent with economical handling. 
Before its re-location was effected, the railway property passed into 
the control another corporation, and the speaker had further 
information regard it. 


Am. Soc. E.—From the speaker’s observa- Mr. Whinery. 


tion number cases, thinks that great deal more importance 
attaches the proper selection the wood treated than has 
often been devoted the matter. some the work which has 
observed, the timber was cut without much reference whether was 
long-leaf yellow pine scrub pine. was brought the works 
all conditions seasoning, and has doubt, from the observa- 
tions made since, well from what Mr. Chanute states the paper, 
that the careful selection the timber and its proper preparation 
seasoning before treated has much with the success 
the process. the case paving blocks, there can question 
that properly selected wooden blocks, properly creosoted, will give 
much better results all cases where untreated blocks would fail 
natural decay before they are worn out the travel over them; 
but very doubtful whether creosoting adds anything the ability 
the blocks withstand the abrasion travel. 

From what one often sees practice, would seem that anything 
considered good enough creosote. That is, that almost any kind 
wood, even partly decayed, all rightifcreosoted. The idea that 
creosoting cure for all the evils that wood heir undoubt- 
edly wrong. great care were taken properly select the timber, 
and properly prepare for the process, there would fewer records 
failure. 

Those who have had experience using yellow pine ties south- 
ern railroads know very well that, the first place, there are not 
many inspectors who can distinguish, when tie dressed and deliv- 
ered the road, whether long-leaf yellow pine bastard pine, 
that is, appearance one merges gradually into the other that 
sometimes difficult decide. know very well, though, that 
lot ties put into track given time, some will begin fail 
‘years, more and many more years, and that some will last 
years, and few will last even and years. The conditions use 
being practically the same, the difference durability must due 
variation the quality the timber. 


Mr. Rowe. 
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paper, embodying, does, fair epitome European experience 
and knowledge the present time, much interest those 
concerned timber preservation this country, and seems deserve 
more than passing notice. 

The following synopsis the salient points which the 
writer will revert, and, forthe sake brevity, and avoid the 
necessity referring directly the subject each individual case, 
will take them the order given: 


(a) Greater cost creosoting than Burnettizing. 
Life treated ties Europe compared with this country. 
(c) Selection timber. 
(d) Drainage road bed. 
(e) Thorough permeation the timber the preservative. 
Increasing the amount chemicals injected. 
(g) Minute care stages treatment. (Impregnation.) 
Treatment oak. (White oak.) 
(i) Test strength and purity chemicals. 
(j) Timber supply. 


(a) regard the creosote process, Mr. Chanute’s observations 
Europe seem confirm the correctness the position taken the 
writer and many others this country, that, owing the difficulty 
procuring suitable oil, and from its large and continually increasing 
cost, the process virtually ruled out this country, except, per- 
haps, special work required protect timber against the teredo. 

This also true, some degree, with the process 
Mr. Rutgers, which process Mr. Chanute seems think very 
highly. 

regard the life treated ties this country, the experi- 
ence the Atchison, Topeka and Santa and the Southern 
years, where the zinc-tannin process was used. 

this connection, the writer’s experience may value. The 
original mountain pine ties were laid portion the Southern 
way was strewn with removed ties, rather, with masses rotten 
wood, having but little semblance the ties originally laid. There 
was then astanding orderthat removed ties should piled and shipped 
the division points for locomotive fuel. Finally, the accumu- 
lation became great and its unfitness for fuel obvious, that many 
huge bonfires were the result. From this experience with untreated 
pine ties, life years was all that could deduced. Some 
these ties failed the third year, and the company was face face 
with aserious problem. July, 1885, the Las Vegas Timber Treat- 
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ing Works were installed, and have been almost constant operation Mr. Rowe. 


since, but systematic count treated ties removed was made 
until early 1897, since which time the company has worked quite 
carefully secure record. Although this record too limited 
yet for definite estimate, furnishes basis for statement (by the 
laws averages) which the probable mean life can estimated. 
the assumption that the mean life years, found that the 
earlier treated ties, not anything like the numbers that should have 
perished have been removed, that proper assume that 
years The writer informed that very many ties laid 
1885 are still the track, and would not surprised find some 
the end the twentieth year. settle this definitely, 
however, will require the record the next years. have, 
nevertheless, sufficient show the marked contrast between the un- 
treated and the treated ties, and there are frequent acknowledgments 
from the management that the substitution the treated ties has re- 
sulted should further remarked, that the 
condition the track now very much better than was possible when 
untreated ties were being used, and that the treated ties, when removed, 
are much better condition than the untreated, having still con- 
siderable sound timber whereas the untreated ties when 
removed are entirely gone. 

There parallel which compare the results with those 
Europe, except one case pine France, and the case Mr. 
Rutger’s where the result life somewhat better 
than given here with the zinc-tannin process. 

(c) The advisability drawing high requirements the quality 
the timber this country not clear, except merely for comparison 
with work Europe where the specifications are severe, which here 
little consequence practically. The fact is, that the tie supply 
this country has been and will continue drawn from inferior 
woods; and even with the oaks, only the inferior portion being made 
into ties, while the select portions other purposes. This true 
other and less durable timbers, not heretofore considered fit for 
ties; hence the railroads will continue buy the cheaper grades. 


consequence these conditions that the soft and inferior woods, 


the aid treatment which their lasting qualities are made 
greater than those the best oak, will sought. opened 
much enlarged field supply, together with reduction cost and 
very marked reduction the cost maintenance. 

Another point which may properly noticed the sawing 
ties from large logs, which should make good ties account the 
superiority the timber and its lasting qualities compared with the 
sap-pole tie made from the same kind timber. The timber should 
last one-half longer least, other conditions being equal. The 
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practice now common cut the ties ins., and ft. long, con- 
taining cu. ft., while the mean volume the pole tie, upon which 
the number and distribution ties under the rail has been founded 
railroad practice, more than cu. ft. These sawed ties are 
small that they not form sufficient support for the rail, unless 
the number materially increased; and they are apt fail, from 
rail wear from body hold the spikes, long before the 
timber decays. would seem that ins., with volume 
treated, would last years more. 

connection with English timber preservation, Mr. Chanute 
mentions Baltic discussing these questions would 
well state, for each kind wood, the characteristics which 
might judged. These characteristics have much with the 
lasting qualities, and, some standard could devised, for instance, 
the oak, heavy, close-grained, strong and lasting, the beech, walnut, 
close, even grain, but not strong lasting, and lastly, 
the pines, enable those interested judge some- 
what their character, would great aid comparing 
results. Mountain pine, which western railroads are obliged 
resort, runs largely open-grained timber, easily penetrated and 
taking the treatment readily dry, yet inferior timber, with 
many imperfections. course, some portions the large, well- 
grown trees give sound, compact, well-matured fiber, and therefore, 
should quite lasting, but taking all together, the timber treated 
Europe, high priced, cut and shipped under severe specifications, 
forms hardly fair parallel. The very fact that these &S. 
ties have been made last years, anything like it, speaks 
well for the efficiency the treatment and methods followed Las 
Vegas. 

(d) Mr. Chanute mentions, one the conditions favorable 
the life the tie, the thorough drainage the road-bed. 

this country, almost all cases, the treated ties are shipped 
directly from the works the locality where needed, and are there 


racked, ready put place. the interval, they receive 


certain, rather, uncertain, amount drying, and are then put 
track. Ina dry climate important, but moist 
climate conceded that the ties should quite dry before being 
placed. Taking this condition requisite, the effect the tie 
exposure the elements will considered. The generally accepted 
theory the capillary process absorption water when the wood 
comes contact with it, probably correct. The chloride the 
treated tie, being readily soluble, dissolved the water, and 
carried with penetrates the piece. the contrary operation 
surface evaporation drying out, the chloride will gradually 
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dropped, and finally, such reaches the surface the wood, Mr. Rowe. 


will deposited its surface, the soil which the tie 
bedded and there lost. easy see that this may result 
loss and final wasting away the antiseptic toa greater less degree, 
depending upon the frequency the exposure. Then, when drain- 
age imperfect and the tie lies the water all the time, the 
absorption being continually from the bottom and the evaporation 
from the top, easy see that the waste must more rapid than 

confirmation this general theory, the Department Agri- 
culture has made some careful investigations alkali soils, which 
found that alkali sinks into the soil free application 
irrigating water, allowing cultivation the soil, but when the irri- 
gation ceases and the ground exposed extended drought, the 
alkali again rises and the land becomes sterile before. 

The alkali (sodium existing the soils and ground- 
waters the western plains has the same characteristics chloride 
zinc, being only little more readily soluble, and increases the 
specific gravity the water. Edgemont, Dak., the water used 
has nearly 125 grains sodium sulphate per gallon, giving, 60° 
Fahr., hydrometric reading 0.25° Beaumé, that this correction 
has made reading the strength the chloride solution. 

would seem, too, that the effect water creosoted timber, 
while not deleterious the chloride (as only affects the lighter 
and less valuable parts the oil), still sufficient demand atten- 


Creosote not being all soluble, different cause for its ex- 


pulsion must sought. well known that wood expands when 
exposed dampness, the wood fiber absorbing the water and opening 
up, while the wood swells. The result that the oils are, some 
extent, squeezed out. 

this connection the writer has under examination samples 
paving blocks treated the process,” furnished the 
kindness City Engineer Erickson. These blocks seem well 
impregnated with creosote oil, reinforced quantity resinous 
pitch, and they have every appearance being excellent paving 
material. These, with similar untreated blocks, were immersed 
water September 4th, 1900, and have now been days. 
days the absorption the treated blocks was only about that 
the untreated, the resinous pitch exuding but slightly; but the 
end{of days the absorption the treated blocks had gained con- 
siderably, compared with those untreated, and amount 
pitch had come the surface, appearing large globules adhering 
the blocks. marked was this action that was deemed desirable 


.to extend the experiment another month, and note further its extent. 


Reverting the original question thorough drainage the 
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roadbed, would seem unnecessary insist this this advanced 
age railroading, such neglect destructive the track 
whole and the reputation the roadmaster. easy see that 
the action just described takes place, would likely soon 
exhaust any antiseptic that could put into the timber. 

The most thorough permeation the timber the antiseptic 
fundamental part the work, far the zinc-tannin the Bur- 
nett process concerned. The application stronger solution 
superficially will not make for the lack permeation, not. 
known that the chloride will diffuse time. Steaming under press- 
ure the best and most effective means secure through permea- 
tion, and must gauged prolonged meet the character and 
condition the timber. Oversteaming sometimes will reduce the 
amount absorption the solution, but, the other hand, the per- 
meation will more perfect. Thorough permeation the steam can 
best observed noting the character and condition the con- 
densations blown from the retort from time time. First will ob- 
served the condensations caused the steam coming into contact 
with the more less cold charge; next, will follow discharge 
water tainted with the juices the timber, increasing its turbid 
and frothy condition the steaming progresses, and then losing this 
character gradually and flowing off the form pure condensed 
steam water. This last stage indicates that the steam has reached 
the heart the timber, which then proper condition receive 
the solution, whether creosote oil, chloride solution whatever 
used. From the quantity this highly charged water thus thrown 
off, the impression that the timber has been cleared largely its 
natural juices and fermentable matter inherent therein. The 
vacuum drawn the termination steaming, course, will still fur- 
ther free from any remnants saps, but its draw 
the air and vapors from the retort and prepare the timber for the in- 
troduction and absorption the solution, which let while the 
vacuum still on. 

How absorption takes place when this point reached, the follow- 
ing observations made Las Vegas 1885 will best show: 


Hewn ties. Sawed ties. 
First 0.42 per per cent. 


The question the injection liberal quantities chemicals 
great interest just now, when managers are looking reduction 
cost. The chemicals form the most costly part the treatment; 
and, while must insisted that enough used get the best re- 
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sults, there extreme which cannot passed without wasteful- Mr. Rowe. 


ness. Atthe time the writer was the a-b-c this matter, was 
instructed that the weight the timber was the mini- 
mum amount chloride allowable. this basis, careful deter- 
mination the mean weight per cubic foot dry ties for treatment 
0.075 lb. pure chloride, little over oz. per cubic foot tim- 
ber. view the statements the preceding paragraph, might 
seem enough. any case, the mean absorption the ties 
treated 1885 was about per cubic foot. The absorption 
some these ties probably did not exceed the minimum mentioned, 
and yet, these 1885 ties are being pointed eminently good. The 
strength the chloride solution then used was 0.015, 14%, and the 
average absorption, compared volume timber, was about per 
cent. 

approaching this question quantity, the operation must 
studied closely. dry tie having volume ft. would weigh 
125 green, freshly cut tie this volume, with all its sap, 
would weigh 187 having about lbs. sap per cubic foot, the 
sap presumably containing almost all the fermentable agents. 
before noticed, large proportion the juices are expelled the 
steaming and the vacuum, say 75%, leaving lbs. sap neutral- 

Mr. Chanute explains that the rule referred the amount was 
later found too low. 

Attention called this, with the hope that some one who 
favorably situated will take this investigation, any proposed 
increase the cost chemicals, the face the calls for cheaper 
work now being pressed, makes very desirable that something defi- 
nite and authoritative should determined. 

(g) closing his valuable paper, Mr. Chanute says: cannot, 
however, too strongly insisted upon that the work must well and 
skillfully done, for, otherwise, the results are sure disappoint- 
ing.” 

This most heartily emphasized, and follows that skillful ope- 
rators must employed. Germany, Mr. Chanute states, about 
the only successful and satisfactory work has been done private 
firm who makes business and conducts business principles, 
and important part whose assets consists honest work. There 
doubt that any party operating this country the same prin- 
ciples can succeed. either case, the skilled operator the first 
requisite, and the same with any great railroad company that 
decides its own work. Germany, said that the skilled 
operators can counted the fingers one hand, and probably the 
same true this country. the installation plant this 
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kind, matter the first moment that inexperienced and 
untrained operator should more put control and direction 
than that college student should put charge one the big 
steel plants. The proposed operator may have read every word writ- 
ten the subject timber preservation, and, has escaped the 
lunatic asylum, has reached but the the matter, and must 
still have intelligent training through practical contact with the work. 
must have the rules fixed experienced teacher and made 
apply them; and, above all, should not allow himself 
out any theorizing excursions, all such are likely prove dis- 
astrous, both himself and his employers. 

The writer pleased note that oak (presumably something 
like our white oak) not barred out from the woods treated 
Europe Regarding the selection tie timber, seems 
axiomatic that the better the timber, the better the tie will 
regardless treatment. Experience and reason show this, and the 
life oak tie the best quality can prolonged but years, 
economy treat it. Taking the white oak tie runs, there 
strong probability doubling its life. The objection that the oak 
will not absorb sufficient any good, is, the light experience, 
and illogical, when the nature the process and its effect 
understood. 

Mr. Chanute mentions the constant testing chemicals, 
strength, purity, etc.,” connection with the requirements 
European practice. presumed that what meant tests which 
may performed the work during operation, where not 
always practicable, call the aid the chemist. necessary 
that the operator able determine quickly, approximately least, 
the strength the solution, whether chloride, tannin glue, without 
the elaborate processes the chemist, as, the course the opera- 
tions, these solutions are constantly varying. have been indebted 
Chanute this respect, and would glad have him give, 
length, such facts has gathered, couching them such terms 
would within the comprehension any intelligent operator. Such 
information would valuable indeed. 

(j) Mr. Chanute’s remark relation the exhaustion the tim- 
ber supply introduces theme, the importance which, this 
country especially, should impressed all times. the last 
years have seen such destruction our great forests seems 
appalling. With the exception asmall northern Maine, 
some small areas the South and the region the extreme North- 
west, the forests have been invaded and the most valuable timbers 
have been more less cut away. many cases, shameful waste and 
destructive fires aid the devastation. The tie renewals amount 
nearly 000 000 annually, to-day, compared with 000 required 
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France, and the ratio will increase the mileage increases. Mr. Rowe. 
Although our forests seem boundless, they are not so, relatively; 
and, the present rate consumption, the scarcity cross-ties, 
now beginning felt, will soon serious. parallel this can 
cited, quicker its consummation, but means far reaching 
and disastrous—that the bison, thirty years ago teeming mil- 


lions over the western plains, but now hardly representative remain- 
ing. This lesson ponder. 
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CANALS FROM THE LAKES NEW YORK. 


Discussion.* 


CLARKE, Past-President, Am. Soc. are 
agreed upon the necessity some water communication, between 
Lake Erie and New York, better than that which now exists, has 
shown its incapacity. 

Some advocate 12-ft. canal pass barges which they hope could 
navigate the Lakes and avoid transhipment. The speaker formerly 
favored this plan, then believed that the cost deeper canal 
would prohibitory. 

Mr. Wisner has shown that the cost canal ft. deep, from 
Lake Erie New York, through the Mohawk Valley, would 
$200 000 000, and way the St. Lawrence and Lake Champlain 
$15 000 000 less. 

considers that the canal were made deeper, the greater inter- 
est its cost and its depreciation would exceed the saving trans- 
portation. 

shows that 21-ft. canal gives economy transportation even 
after adding the charges for interest and depreciation. This the 
first time that this statement has been positively made. 


Continued from November, 1900, Proceedings. See October, 1900, Proceedings, for 
this subject Messrs. Joseph Mayer and George Wisner, Members, Am. 
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The writer agrees with Mr. Wisner believing that the sum Mr. Clarke. 


$200 000 000 not prohibitory—that canal for the largest ocean ves- 
sels will never made account its enormous cost—and that his 
figures cost transportation are substantially correct. 

His reasons are briefly these: Experience has shown that canal, 
requiring transhipment freight each end, cannot compete with 
all-rail, rail and lake navigation. 

canal ft. deep would probably pass tows barges large enough 
navigate the Lakes. would, however, require transhipment 
sea ports, and could not compete economy with canal large enough 
pass Lake and ocean vessels, the cost such canal did not stand 
the way. 

the speaker’s opinion, Mr. Wisner has proved that its cost would 
not great enough overbalance its economy transportation, 
made ft. deep. 

Can steamers, fit navigate the Lakes and pass this canal, navi- 
gate the ocean economically 

The answer is, that such vessels, even smaller ones, have done 
for many years. What tow large schooners with five 
six masts and having auxiliary power, from passing through such canal. 

perfectly true that larger vessels, such those running between 
New York and European ports, would show greater economy the 
ocean, but not artificial waterways. 

believed that the Champlain Route would less opposed 


vested interests than the Mohawk Route, the destruction prop- 
erty would much less. 


The estimates damages are: 
$14 039 000 

Private capital probably would not invest either undertaking; 
nor would the State New York without entire change its 
present policy, which seems unlikely. 

The United States—the richest power the world—can easily 
afford construct this line communication. necessary first 
get congressional majority its favor. Some years ago that would 
have been impossible. Now seems possible. 

The City after having expended 000 her 
drainage canal, ft. deep and large enough for Lake vessels, has 
offered the General Government condition that the same scale 
navigation shall continued the Mississippi River. 

Cooley, Am. Soc. E., paper presented The 
Western Society Engineers, estimates the cost 20-ft. waterway 
from Chicago St. Louis, 360 miles long, not over $140 000 000. 

The problem extending the same depth from St. Louis the 
mouth the Mississippi, some 100 200 miles, yet unsolved. 
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There much said favor the plan advanced James 
The Western Society Engineers), for preventing floods and main- 
taining depth water the Lower Mississippi the construction 
reservoir system formed the bottom lands between the river and 
the bluffs. These reservoirs would retain flood waters, and let them 
out during seasons low water. 

Thorough surveys should made the United States Government 
ascertain the facts. Mr. Seddon’s estimate—$50 000 000—seems 
low. 

The interesting fact is, that union interests between the west- 
ern, southwestern and eastern States can now possibly brought 
about construct this great system internal navigation from New 
York Chicago and thence via New Orleans the Gulf Mexico. 

The proposed Isthmian Canal vital part this scheme. that 
canal alone were built would give only the Atlantic cities and New 
Orleans line the Pacific, and the Pacific cities one the 
Atlantic. the entire scheme were carried out, would take the 
whole central part the United States. 

The total cost, including the Isthmian Canal, would probably not 
exceed $600 000 000. Some years ago that sum would have shocked 
careful financiers. But now that United States bonds can placed 
bearing 2%, means yearly tax $12 000 000, about cents per 
head the population. 

The United States has now become World power, exporting 
agricultural and manufactured products and coal, iron and copper 
all countries. Its imports and exports have increased nearly 50% dur- 
ing the last six years, from 710 000 000 The 
exports alone have risen from $921 000 000 nearly 500 000 000. 
Such increase has never before been seen the history the 
world. 

wish preserve this enormous trade, the face the sharper 
competition which must inevitably soon take place, must give 
the least expensive routes transportation. The railways will take 
care during the season closed navigation; during the open 
months, such scheme has been outlined necessary enable 
our States reach countries both the Atlantic and Pacific 
Oceans the shortest and least expensive routes. 

Nature done much create this vast internal navigation, 
and would lacking energy did not apply from our sur- 
plus revenues the sum necessary complete what Nature has begun. 

When this done, the seat the world’s commercial empire will 
transferred from Europe that part the United States where 
grain, coal, iron and copper lie side side, controlled the most 
energetic and inventive people that the world has ever seen. 
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lation that members this Society turn from considering expert 
measurements quantities questions involving large additions 
the service and convenience mankind, and essay direct those 
large sources power Nature—public opinion and the service 
increasing the facilities for transportation and decreasing 
the cost distribution over large areas this country, the two 
admirable papers before us. 

also pleasing notice that both authors, though proceeding 
different routes, reach substantially the same conclusions, viz., that 
with near-by railroad trains carrying 400 tons and 14-ft. canal par- 
allel it, 10-ft. canal may influence freight charges, but can neither 
control such charges, direct the course commerce, nor prevent the 
present system discriminating charges against production and con- 
sumption this country generally and the commerce and industries 
the City New York particular. And any money invested 
procuring such inadequate transportation facilities must fail return 
normal reward. 

view, however, the rapidly expanding trade the Great Lakes, 
the determination make their governing depth ft. and the proba- 
bility waterway large capacity connecting the Lakes with the 
Gulf Mexico, doubts may felt the advisability limiting 
ft. the depth what should one the largest channels 
develop. The toll proposed not large, either absolutely rela- 
tion the probable value the goods transported, 2}% 
the value the goods passing the Soo, and will not operate does 
the yearly abstraction $15 000 $16 000 000 from the resources 
those trading through the Suez Canal; most onerous impost that 
must part account for tonnage 000 000 000 sufficing 
for the wants, capacity, 100 000 000 people, while the 000 000 
served our lake carriers use 000 000 tons. 

But some extent any toll decreases traffic, principally prevent- 
ing hindering the production and marketing low-valued com- 
modities, also diverting travel freights other routes. The 
marked differences the development freight and passenger 
this country the one hand, and European countries the 
other, seem show the effect high and low charges the volume 
traffic. Poor’s Manual gives very full statistics the traffic alt 
our railroads, commencing with 1882. From these data Table No. 
has been made, excepting the columns population, which for 
1899 has been taken 500 000. 

Here the average passenger rate persistently high; higher, 
thought, than other countries. The freight rate, which 1882 was 
lower than any other country and about half the passenger-mile 
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Mr. North, rate, now, according Mulhall, less than half the freight rates 


any European country, and 36.3% the passenger rate. conse- 
quence, the passenger mileage has increased while the ton 
mileage has increased 223.1 per cent. European countries, the 
other hand, there has been conservatism the matter freight rates; 
but, through zone tariffs, improvements the comforts third-class 
carriages, etc., average passenger rates have been materially reduced, 
and though there knowledge such full statistics those for 
American roads thought safe say that the passenger traffic has 
had growth approximating that American freights, while the 
freight traffic has developed lines somewhat parallel with the 
development passenger movement American railroads. 


TABLE No. 
RATE PER Gross TRANSPORTED 
MILE TRANSPORTED RECEIPTS. PER MILE INHABITANT 
= o 
a & Ay & = ky 
186 280 002 726 860 992 560 436 770 725 197 682 
ne. 


may claimed that the figures given Table No. not 
fairly present the relations existing between our freight and passenger 
traffics, account taken the influence electric railways 
paralleling our railroads, and the decrease passenger traffic since 
1894. But the effort continued conservatism upholding passenger 
rates, full recognition the fact that reduction would develop 
such large accessions the traffic require additional accommo- 
dations, exactly the point for which attention solicited. this 
general conservatism, which well typified the story the New 
England directorate which refused its commuters’ request for 
additional train with the assertion that short time they would 
crowd uncomfortably the trains they then had, the railroads 
this country possessing right way with much not all the 
necessary grading and track laying done, and its passenger department 
organized, have forced their patrons into the expense new organi- 
zations, new rights way, grading and track, and experiments with 
motive power, that the circulation passengers 
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lines parallel their tracks might not unduly curtailed high Mr. North. 
rates passage. This does not, itis submitted, vitiate the deductions 
apparent from the table. Nor does the fact that the electric 
likely add materially the convenience and wealth the country 
throw doubt the inference that passenger fares had been reduced 
freight rates have, the passenger mileage would have kept pace with 
the freight mileage. 
The comprehensive and valuable system statistics inaugurated 
the Soo 1887 and continued the United States Engineers since 
then, statistics which have done much strip the value from those 
conservative predictions which vested interests will always call expert 
and authoritative, show that, for the five years ending with 1891, 
352 066 tons freight were carried for $45 913 715, $1.23 per ton; 
and for the five years ending with 1899, 774 880 tons freight were 
for $77 065 077, $0.796 per ton. fall one-third, 
the cost transportation, was paralleled increase nearly two 
and two-thirds times, the freight Or, use another 
standard measurement: During the first period mentioned, the 
freight charges cargoes valued $12.73 were such 
values; and during the last cargoes valued $11.23 per ton, the 
freight charges were only 7.09 per cent. The average hauls were, for 
the first period 806 miles, and for the second 835 miles. 
case somewhat analogous the foregoing was mentioned Mr. 
Vreeland, President the Metropolitan Surface Railway New York 
City: the Madison Avenue line the time trip with horses was 
about hours,and the road carried passengers. the intro- 
duction electricity the time was shortened about hour and the 
road carried 000 000 passengers. the first case reduction 
one-third the cost service was accompanied increase 
freight carried two and two-thirds times. the other, reduction 
one-third time without reduction cost passage was accom- 
panied equal increase the number passengers carried. 
Unless the above-quoted figures are inappropriate, they show that 
are have the full encouragement production and consump- 
tion due waterway convenient for the exchanges between the 
000 000 tons traffic the Great Lakes and the 000 000 
entrances and clearances the Port New York, now estimated, 
the pass through ample channels unvexed toll gates 
well transfer charges. But the prospect tolls necessary 
induce the construction the canal, they should imposed, 
there would still left large margin profit comparison with 
present rates. 
may well this place recapitulate the work done and the 
projects brought forward for cheapening transportation between the 
Great Lakes and the harbor New York. Commenced 1817 and 
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completed 1825 with cross-section 136 sq. ft., the Erie Canal 
added much the wealth the State that was determined 
1835 enlarge its cross-section 429 ft., increase 215 per cent. 
This enlargement was notlegally completed until 1862, although the 
increased cross-section was available for traffic some years before that 
date. The law authorizing this enlargement prescribed nearly rigor- 
ous adherence the location. 1897, work was commenced 
further enlargement 562 ft., increase percent. This 
was accomplished the plan advised Horatio Seymour, 
Am. Soc. E., then State Engineer, deepening the prism from 
000 000 was made for this purpose, 
improvement the original location being contemplated. the 
summer 1898, the appropriation being exhausted, work was sus- 
pended, the State Engineer estimating that would cost 800 000 
finish the improvement the Erie, Oswego and Champlain Canals. 
Work has not been resumed. 

Tolls, that their aggregate are greater than all the expenditures 
the canals the State the present time, excepting for interest, 
were collected local and through freights until 1882. 

1884, Elnathan Sweet, Am. E., State Engineer New 
York, read paper before this Society advocating the enlargement and 
relocation the Erie Canal that should pass the largest lake 
vessels and fed for its entire length from Lake Erie. 

conformity with law March 2d, 1895, mixed commission, 
consisting three citizens the United States and three Canada, 
reported January, 1897, was thought probable, 
surveys two routes, both through Lake Ontario, one St. Law- 
rence and Lake Champlain, the other through Oneida Lake and the 
Mohawk Valley. 

appropriation bill 1897 provided for the appointment 
board three engineers known the Board Engineers Deep 
Waterways, make surveys, examinations and estimates for deep 
waterway between the Great Lakes and the Atlantic tide-waters. 
This board was confined its power making surveys, etc., the 
routes recommended the Deep Waterways Commission, which 
reported January that year. This report has not yet been given 
the public, but some its conclusions are given the paper 
Mr. Wisner, who was member this board. 

1897, under requirement the River and Harbor Act 1896, 
directing the Secretary War ‘‘to cause made accurate exam- 
inations and estimates cost construction ship canal the 
most practicable route, wholly within the United States, from the 
Great Lakes the navigable waters the Hudson River, sufficient 
capacity transport the tonnage the Lakes the Major 
Thomas Symons, Am. Soc. E., reported what calls 
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broader view the subject,” recommending ship canal mr. North. 


through Lake Ontario, water which owned common this 
country and Great Britain. That completion the Seymour plan, 
and the removal restrictions capital companies operating 
the canal, the Erie Canal would give commercial advantages 
practically equal the commercial advantages which would given 
canal.” That barge canal with cross-section 208 sq. 
ft., will enable freight transported between the East and West 
lower rate than could ship canal (cross-section 4176 ft.) navi- 
gated large lake ocean 

Actuated, possibly, the political uses made the failure 
popular estimate cost complete the enlargement provided for 
000 000 act,” the Governor this State asked five eminent 
engineers and business men connection with the State Engineer 
and State Superintendent Public Works form themselves into 
the Canals New York State.” This committee 
reported January, 1900: That the canals should not abandoned. 


That the project ship canal enable vessels pass from the 
Upper Lakes New York City (or beyond) without breaking bulk 
proper consideration for the Federal Government, but not the 
State New York.” 


They also recommended modification Major Symons’ barge 
canal, cutting down the maximum size the boat usable from 200 
ft. 150 ft., thus reducing the capacity from 500 
enlarging the waterway the State New York its utmost 

the spirit this law appropriating $200 000 for 
survey for canal the size was passed the spring 
1900, limiting the survey present route said canal,” 
excepting some minor changes between Buffalo and Syracuse. This 
estimate expected January, 1901. 

Lastly, The New York Commerce Commission,” consisting five 
eminent citizens appointed 1898, made report January, 1900, 
setting forth, among other conclusions: 

decline New York’s commerce has been steady and con- 
tinuous for many years; has been more pronounced during recent 
years, and has now reached serious proportions actual loss 
exports.” 

The loss New York due great measureto discrimination 
against New York railroad rates imposed agreement, known 
the differential agreement, between the trunk-line railroads the 
American Atlantic sea ports, including the New York railroads.” 

differential rate applies, not only products destined for 
export, but also destined for local consumption the people New 
York City.” 

State has within its power, through adequate improve- 
ment the Erie Canal, not only apply the remedy that will secure 
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against further loss its commerce, but will secure it, well, 
the restoration that which has already been 


The commission recommended the completion the current 
enlargement, with cross-section 562 sq. adequate, acquiring 
additional terminal grounds and piers, and that certain laws 
amended, particularly elevating grain. 

This arrangement between the trunk lines reaching the Atlantic 
seaboard, giving differential rates grain, both for domestic con- 
sumption and forexport, is, the aggregate, serious injury our 
farmers. The cheapest route for export grain via Atlantic ports 
through New York, but, favor other roads and other cities, grain 
for New York has been for years penalized with differential that 
amounted 1.8 cents per bushel wheat and 1.68 cents corn; 
this has been lately reduced During the five years ending 
with 1899, the average the average rates charged wheat, Chicago 
Buffalo, returned the Merchants’ Exchange Buffalo, has 
been 1.82 cents. 

course, perfectly competent for committee the New York 
Chamber Commerce look with complacency, not with actual 
pleasure the consequent diversion grain exports other ports. 
But the man who grows the grain, which burdened any case 
with relatively high cost transportation, look with any approxi- 
mation pleasure practice puts additional charge 
his produce? the committee says: adequate improvement 
the Erie will apply the remedy. Their opinion, however, 
what adequate, even more restricted than that the Committee 
Canals New York State. 

will noticed that though sixteen sessions the State Legis- 
lature have been held since Mr. Sweet read his able paper before this 
Society, advocating radical enlargement the Erie Canal, and two 
commissions have been appointed many presidents, some influ- 
ence has seento that survey has been made for aship canal which 
would not greater use Canada than the United States. 
And possible assert that route through the richest and one 
time the most prosperous section this State ‘‘is not available for 
ship canal,” although one can show any reason that judicious 
location canal large cross-section should cost more per mile 
between Buffalo and Oneida Lake than between that lake and the 
Hudson River. 

Agreeing fully with Mr. Wisnerthat: dimensions which should 
given waterway between the Lakes and the Atlantic depends 
upon the economic depth which can obtained the water routes 
and accepting his estimate that the interest and fixed 
charges for increased depth the Lakes from ft. would 
amount annual charge 205 000, 5.51 cents per ton the 
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traffic now passing Detroit, but taking exception his declaration: Mr. North. 


The actual saving the cost transportation the Lakes using 
deeper draft vessels only about one-half the above estimated fixed 
and differing from the deduction, the interest and mainten- 
ance account will exceed any expected returns from lower transporta- 
tion reference made the previously mentioned valuable 
statistics the traffic the Soo. 

Although, set forth the Report the Committee Canals 
New York State, previously referred to, the railroads were able 
partially starve the Lake marine when there was depth only 114 ft. 
the miter sills the locks the Soo; the traffic through that 
waterway since the opening the Weitzel, 16-ft., lock 1881, 
has been phenomenal. Opened 1855 traffic 106 296 tons, its 
for 1881 was only tons, but 1895, the year the 
Canadian, 20-ft., lock was opened, had increased 806 781 
tons. 1899, net registered tons shipping passed 
through the locks the Soo, carrying 255 816 net tons freight 
valued $281 364 750. This freight was carried average distance 
827 miles for $21 959 707, the rate 1.05 mills per ton-mile, 
which about higher than the average cost for the three pre- 
ceding years. 

During the thirteen years for which have returns covering the 
tons and value freight, the distance carried and the cost carriage, 
well the registered tonnage, the cost per ton-mile has decreased 
from 2.30 mills 1887, when 494 649 tons were carried, 1.05 mills 
1899, when 255 810 tons were carried. This decrease con- 
current with the deepening the Lake channels, and largely depend- 
ent such deepening, and justifies the prediction the president 
the Great Northern Railroad made while discussing the project 
General Poe, Am. E., for 21-ft. channel: that 
would cut the Lake freight rates two. 

Mr. Wisner estimates the annual charge the 40000000 tons 
passing through the Detroit River, due deepening the Lake channels 
and harbors ft. 5.51 cents per ton. the length haul 
Detroit equal that through the Soo, 827 miles, the cost deepen- 
ing the Lake channels and harbors will 0.076 mill per ton-mile. 
This would set the cost transportation back about the average 
1892 and 1893, there was neither reduction freight charges due 
the larger channels nor increased production freight trans- 
ported. Neither these suppositions possible. The increased 
charge 5.51 cents per ton would divided 000 000 within 
few years after the deepening was effected, and while the larger car- 
riers might not again cut freight rates two, they could expected 
cut off about one-third the present rates, leaving average 
freight rate 0.6 mill per ton-mile. This does not seem unprofit- 
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Mr. North. able rate, view the volume and steadiness the traffic and the 


average sea rates. 

The assumption, that the traffic passing Detroit soon after, not 
with, the earliest possible completion 30-ft. channels and harbors 
will 0U0 000 tons, not thought too large for realization, the 
traffic for some time, shown Mr. Mayer, has every 
six years, and the Chief Engineers reporting Congress that 
prompt action doubling the capacity the St. Clair Flats Canal 
necessary and the safety and convenience the vast com- 
merce the Great Lakes. And deepening the channel ft. has 
already been commenced the St. Mary’s River. 

Proposals have been made that the Erie Canal should given 
some railroad right way, and numerous other schemes have been 
proposed like 000 plan,” impose general hardship 
the financial advantage few transhippers Buffalo and New 
York. And lastly, have the project submitted the next 
Legislature New York State abrogate the necessity tranship- 
ment Buffalo imposing high rate freight onthe Lakes. The 
possibility this perspective, however, has doubt cast upon the 
vociferous demands the friends the canal,” that large expendi- 
tures shall made both the Lake and Atlantic termini, that freight 
may transferred more conveniently. All these plans oppose 
the interests both producers and consumers. 

the advantage the City New York and the New Jersey 
cities the bay that this improvement should ample and com- 
modious that better cheaper route between the interior the 
country and the seaboard can reasonably expected. 

the advantage the State New York that the canal should 
pass through the State and should large that the factory sites 
along its banks may have all the facilities for manufacturing offered 
low freight rates, without transhipment, that the cities the Lake 
front now have. 

the advantage those living the country the west 
this canal that should located build centers pro- 
duction and consumption near them practicable, and that its 
capacity for speedy and economic traffic should give the greatest 
possible encouragement marketing those low-cost products which 
cannot stand railroad charges; well reducing the cost all 
freight transportation, that the producer and consumer may have more 
divide between them. 

also the advantage the whole country that many water- 
ways should constructed developed, that their control over rail- 
road freight rates, described twenty years ago the late Albert 
Fink, Past-President this Society, may maintained and increased. 
fortunate that the Hudson River carries depth ft., 
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excepting few unimportant points, nearly Coxsackie. (From Mr. North. 


there Troy the State and General governments have increased the 
depth from ft.) This leaves only about 375 miles out 
approximately 1500 tobeimproved. depth ft. 
obtained the Great Lakes, there seems doubt that the chan- 
nels connecting their commerce with our cities the Atlantic coast 
and with the water front the whole world should have equal depth. 

survey has been made for ship canal between Lockport and 

Syracuse, approximate estimate cost may made adding 50% 
the estimate the Board Engineers Deep Waterways for the 
low-level, Oswego-Mohawk 30-ft. plan from Duluth New York, 
given page 995, viz., $317 284 348, covering the increased cost 
building the canal wholly within the United States, and further addi- 
tion $36 000 000, the estimated cost improving the Lake harbors. 
The aggregate, $512 000 000, interest, and 0.5% maintenance, 
would give annual charge This sum would 
directly repaid the country saving 0.27 mill per ton-mile 
000 tons carried average distance 827 miles. 

The sum 0.27 mill per ton-mile necessary saved the esti- 
mated Lake traffic, when the channels from Duluth New York 
are deepened ft., directly recoup the country for the total 
expenditure would reduced the additional haul 500 miles 
all freight either destined originating the Port New York 
beyond it. There would also further reduction due elimin- 
ating the cost transhipment Buffalo, which Major Symons puts 
his report 27.1 cents per ton for package freight. These direct 
savings can partly estimated, but the indirect saving due the 
absence delay and damage inseparable from transhipment cannot 
computed with accuracy. 

estimating the amount traffic attracted 30-ft. canal 
sufficient cross-section, notice should taken the facts that there 
other people able employ ton-mileage equal ours. 
passing Detroit larger than any other water-borne traffic through one 
channel and growing rapidly. The entrances and clearances the 
Port New York are more than twice those any other seaboard port. 

The this port has for some time been estimated 000 
tons. Corthell, Am. Soc. E., after careful research, pre- 
paratory presenting paper, The Harbors the World,” the 
Congress Navigation, held Paris this year, states that the 
totaljentrances and clearances this port are 544 653 tons. This 
tonnage divides follows: 


writer the Forum, December, 1900, states that the total entrances and 
clearances the ports the United Kingdom for 1899 were 209 348 081 tons. this, 
782 887 tons were entered and cleared the foreign trade. 
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matter comparison, the entrances and clearances are: 

will noticed that less than 20% the tonnage this port 
engaged foreign trade, and the aggregate tonnage Liverpool and 
London, foreign and domestic, 16% less than the domestic tonnage 
this port. 

Some nine years ago board engineer officers the improvement 
the Hudson River reported that the traffic this stream was 
500 tons, which were contributed the State 
canals. Although may seem incredible, fact that many the 
best thinkers found the City New York oppose materially in- 
creasing this contribution the canals the tonnage their port, 
the plea that the grain-handlers here and Buffalo will deprived 
their opportunity penalize production the Northwest exor- 
bitant transfer charges grain for export. 

The population and wealth the Port New York not dependent 
its exports. Its unique natural position, making the largest 
call” the world, due its having two large waterways 
back it, viz., the Hudson and East Rivers. Adding natural 
advantages, the construction the Erie Canal forced all railroad 
terminals concentrate here, making its position the best the 
world for manufacturing; for here raw products for manufacture can 
assembled, and, the finished materials distributed consumers less 
cost than elsewhere, and, both value merchandise produced and 
amount wages paid, peerless. The present census will 
probably show that the wages paid manufacturing industries 
the cities and towns the Bay New York are nearly equal the 
value exports from the Port, and provision for traffic through the 
proposed that neglects the demand New York and the cities 
ancillary the Atlantic coast will fail economic value, not 
only the Atlantic front our country, but the interior. 

estimate the freight entering and leaving the canal should 
neglect the manufacturing potentialities presented the banks 
the proposed waterway, which for nearly its whole length would offer 
factory sites with water and rail communication. The present status 
manufacturing enterprises the canal towns and cities pathetic. 
From the inception work the Erie Canal until forty fifty 
years ago this region offered higher rewards ambition than any 
other locality, enjoying the cheapest and most convenient transporta- 
tion facilities. Since the Erie Canal lost its pre-eminence carrier, 
through the development railroads, while remained unimproved, 
and rates discrimination against short hauls have been imposed, 
the advantages offered cheap transportation other localities have 
worked injury the interests the center the State. 
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This fact has been recognized agricultural lands for some Mr. North. 


time. The twelfth census shows that seven cities 000 more 
inhabitants the center the State, viz., Troy, Albany, Schenectady, 
Utica, Syracuse, Rochester and Auburn, all the cities that class 
the interior the State, the rate increase since 1880 has not been 
quite 52%, one city showing absolute loss. The City New York, 
with the dependent cities this class, Jersey City, Newark, etc., 
show gain 81%; while the twelve cities the Great Lakes, 
which have over 000 each, show gain forthe twenty years 168.5 
per cent. low have our canal towns fallen the estimation 
some that they regard any attempt relight the fires their 
abandoned factories, rebuild their ruined smelting furnaces 
attack some inexorable law. 

not proposed this time labor with the education those 
who have been taught that production one locality always the 
expense another, and that the relative, absolute, decline 
value and population the country along the line the Erie Canal 
has aided the development either the City New York the 
cities the Great Lakes, but simply assert the conviction that 
the center this State had continued the rate development 
attained the early canal period, both the lake front cities and New 
York would offer even higher prizes ambition than under present 
conditions. 

About two-thirds the coal produced Pennsylvania mined 
east the line equal distances between Cleveland and the head 
Seneca Lake. This should give shipping ports the heads 
Cayuga and Seneca Lakes the control the anthracite trade the 
upper Lakes, the control all coal shipments Lake Ontario and 
the upper St. Lawrence, and allow these ports mediate effectively 
the coal trade the Atlantic coast. 

The important influence this proximity coal the manu- 
facturing potentiality this State, when combined with cheap and 
ample transportation, and particularly that portion the State 
which has been carefully excluded from all plans for ship canal 
cannot easily overestimated. Over 50% the tonnage the 
canal present local, and under improved conditions possible, 
not probable, that the same proportion any traffic will 
stopped either for consumption reshipped with advanced 
value from manufacture. 

deep waterways convention was asserted the President 
the Lake Carriers’ Association that two-thirds the freight passing 
Detroit was its way advanced value manufacture. 
can expect 000 000 tons pass Detroit the time Lake chan- 
nels and the Erie Canal could deepened ft., and that the 
tendency advanced manufacture the Lakes offset the 
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Mr. North. increased production low-value goods due cheaper freight rates, 


the average value per ton remaining the past, $11.14, the aggre- 
gate value transported will $891 000 000. moderate assump- 
tion that the two-thirds manufactured would doubled 
value that process gives ultimate value 188 000 000 for 
the portion under consideration. the increased value went 
labor, would employ 772 000 men $500 year; this would, 
usually computed, support population over 500 

one-third the advance value Lake freightage manu- 
facture was given along the canal and the City New York, 
addition 200 000, 17% the population the State would 
ensue, and that extent would increase the local markets our 
farmers. the average capital the inhabitants this State will 
probably shown the present census equal 250, such 
addition our population would increase the wealth the State 
500 000 000. the foregoing figures are approximately correct, the 
opinion that ship canal should not any serious considera- 
tion from the State New might sufficiently revised 
permit further examination the subject. 

difficult make estimate that will satisfactory all, 
covering the proportion Lake commerce which will enter canal 


cross-section: retained for consumption manufacture 


the State New York, distributed points Pennsyl- 
vania and Lower Canada, along the Atlantic coast, and 
exported. The City New York and its environs could easily furnish 
capital and labor absorb any possible increase raw material 
offered for manufacture. The superior advantages presented both 
banks the enlarged canal from Buffalo Albany would possibly 
give larger percentage the total than the present canal 
does, viz., per cent. And the fact that 80% the entrances and 
clearances the port New York are the domestic trade, may 
justify expectation that about half the Lake freightage would 
enter pass through the canal. 

Although all sorts statements have been made asserting the 
unsuitableness vessels with draft ft. and more, even 
deepened lake channels, one known have had the temerity 
put limit the growth the Lake traffic, and would evidently 
unwise construct canal too small carry traffic less than 
000 000 tons with the economy dependent speed and convenience. 
approximate estimate the cost such canal, without ref- 
erence deepening the Lake channels, may made subtracting 
Mr. Wisner’s $27 000, the cost deepening the Lake channels, 
from the before-used $317 284 348, and adding for building the 
canal through the United States. interest and 0.5% mainten- 
ance, the annual charge would be, say, $15 250 000. 
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probable ton-mile rate 0.8 mill accepted fair for Lake North. 


freights—and for 1898 the average rate was 0.79 mill—and retardation 
for the entire distance 500 miles between Buffalo and New 
York assumed, the freight charge should cents per ton. 

If, the other hand, railroad rate mills per ton-mile for the 
440 miles between Buffalo and New York taken, the cost will 
$1.32, making difference cents per ton. this rate, the 
transit less than 000 000 tons would required directly pay 
the country for the expenditure. This amount less than the average 
freight through the Soo for the three years ending with 1899. Obvi- 
ously, contend that, neglecting entirely all incidental benefits, there 
could any loss the country constructing 30-ft. canal through 
the State, necessary show that either the estimate cost 
too low insufficient allowance for retardation has been made. 

the decisive element this discussion hinges the relation 
between the possible cost deep waterway from Chicago and 
Duluth the Port New York, and the probable saving the cost 
transporting the immense volume freightage developed 
the improved waterway, indulgence asked for the presentation 
another postulate: thought that the previous estimate should 
doubled cover all contingencies, instead having 50% added 
before, the annual charge would become $22 Assuming 
that the expected 000 0U0 tons the Lakes were carried the present 
average distance saving 0.25 mill per ton-mile, would leave 
650 000 earned the canal. there was larger saving 
per ton carried the canal than the cost transferring package 
freight Buffalo, viz., 27.1 cents per ton, mentioned Major 
Symons, would require only 000 000 tons pass through the im- 
proved canal repay the country the interest and maintenance 
the entire outlay. 

The above-estimated cost supposed greatly excess any 
necessary expenditure, and, view the fact that the Government 
borrowing money 2%, the allowance for interest and 

maintenance will thought sufficient. Deepening the Lake channels 
from ft., and enlarging the locks, has resulted reducing 
freight rates from mill, and not probable that anyone will 
contend that further deepening from ft. would not force 
greater reduction than mill. The only ground for attacking 
the estimate appears require prediction that our producing, 
manufacturing and consuming capacity about paralyzed. 

Although very large sum, compared with the cost preceding 
public corporate improvements, will required for this work, 
suggested that there necessity for partialimprovement. The 
United States has not only abundant credit, but the necessary capital 
hand carry the enterprise prompt completion. And 
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Mr. North. confidently predicted that year will the expenditures this 


improved waterway exceed our loans the current year foreign 
countries, —loans that aid them industrial competition. 

paper the Suez Canal, lately read before the Institution 
Civil Engineers, London, Sir Charles Hartley, stated that 
questions addressed many captains and pilots navigating that canal 
showed consensus opinion favor canal that could pass 
under the bottom the vessel, with clear beam widths between 
vessels when passing, and ft. between the vessel and the bank was 
desired, with ultimate depth ft. ins. 

The present scheme for enlargement provides for depth ft. 
6ins., bottom width 200 ft., cross-section 075 sq. ft. 
Mr. Lionel Wells wrote, discussion that paper, that with 
vessel said have speed knots the open sea, made 
knots per hour the canal. The cross-section the vessel was 819 
sq. ft., and the probable cross-section the canal 384 sq. ft., 
about times the cross-section the vessel. 

The Bureau Statistics, its Miscellaneous Tables,” gives the 
mean duration passage vessels navigating the Suez Canal 
night and day hours minutes, average 5.8 miles per 
hour, including the necessary delays gares,” often vessels 
meet, 

depth ft. expected canal that for some time has 
not had half the traffic the Soo, and probably will never pass one- 
fourth the traffic the Detroit River. The paper Sir Charles 
Hartley, with the discussion, strengthens the general conviction that 
the speed boats contracted channels increases faster than the 
ratio the cross-sections the channels that the boats; and any 
desired speed can maintained canal sufficient size. The 
remarkable absence accidents delaying traffic the Suez Canal 
gives strength the theory that accidents are less dreaded 
canals than comparatively short passages restricted width the 
course free navigation. And should remembered that while 
small canal impracticable for large vessel, the small vessel moves 
with less expense than more contracted channel. 

seems that with channel sufficient cross-section conveni- 
ently accommodate the tonnage which may fairly expected, the 
saving the cost the freight carried will more than pay the 
assumed rates interest and maintenance. And that, without regard 
indirect and collateral benefits, the investment will afford profit 
the publie after paying interest and maintenance charges. 

With these considerations, does not seem entirely proper 
imagine canal inadequate capacity and predicate that concep- 


— 


Papers.] DISCUSSION: CANALS FROM THE LAKES NEW YORK. 1217 


tion the necessity high freight rates because speed only Mr. North. 


miles per hour.” 

The very full and complete statistics kept the engineer corps 
the Soo, which cover the last thirteen years, show that concurrently 
with deepening and enlarging the Lake channels, and, confidently 
thought, consequence such deepening, the tons carried 1887, 
494 649, increased 255 810 1889, while the cost for such car- 
riage increased from $10 075 153 very important 
relation this traffic the production and wealth the country 
shown the fact that, while the value per ton was $13.83 1887, 
reaching its minimum, $10.59, 1895, and averaging $11.14 for the 
thirteen years, the cost transportation, compared with the value 
the freight, has decreased from average 10.88% for the three 
years ending with 1889, 6.34% for the three years ending with 1898, 
having averaged for the thirteen years 7.84% the value the goods 
transported average distance 827 miles. 

unnecessary explain the effect this low freight rate 
the production and weaith this country, much the produce 
having been sold Lake Erie docks for less than the railroad charges 
between the points production and sale, according Wheeler, 
Am. Soc. E., for some time superintendent the locks the 
Soo. The cost transportation railroads would probably have 
prevented the production fully half the freight carried, they 
would have left only about 45% the value the producers. And 
the low freight rates the Lakes have been important not gov- 
erning factor our ability the nine months ending with September 
30th, 1900, sell manufactured goods valued over $338 000 000 
foreigners. During the period under consideration the total value 
the 169 333 701 tons passing through the Soo was 986 374 573, and 
$155 798 436 was received for its carriage the Lakes. this ton- 

mileage had paid railroad rates, would have cost over 000 000 
more. This sum applied the total expenditures the country for 
rivers and harbors—$320 000 000—gives very satisfactory dividend. 
Comparing the railroad rates 1899 with the water rates, there 
saving $129 715 811, dividend 40.5%, the above-mentioned 
expenditure. 

recognized that objections are made taking the average 
all railroad freights comparison with water rates lower-classed 
goods, but rough measure the method may inadequate, 
view the facts that the tonnage through the Soo about the 
traffic the Great Lakes, and our average freight rates, which are less 
than half those any other country, are declining rapidly. This 

due more the competition developed our ample Lake channels 
than any other cause. the entire cost transportation must 
taken some proportion from the resources both producer and 
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Mr. North. consumer, probable that the direct gain the people served 


the enlargement the locks and channels during the last thir- 
teen years greater than rather than less than 
000 000 000. This addition indirect gains from the 
employment given producing such part the 986 
was made possible low freights and the consumption consequent 
such production. 

History takes cognizance occasion when proposition 
enlarge channels distribution and cheapen transportation has been 
submitted the public without decided opposition the project 
from those having interest existing transportation facilities. 
Most remember the Lake Carriers opposition General Poe’s 
plan for 20-ft. navigation, and Thomas Keefer, Past President 
this Society, The Canals Canada before the 
Royal Society Canada 1893, has preserved record some the 
influence brought bear Commission appointed the Dominion 
Government 1870 decide the depth the Canadian Canal 
system. 


ship owner, Oswego, thought vessels 200 ft. long with burden 
750 tons for the internal commerce the Lakes, the Lower 
Provinces and New England; longer locks would cause expense, 
strong current and delay, not warrantable order provide for 


and rare cases where large vessels would desire pass and from 
the ocean.” 


Another, whose been the commerce the Lakes 
said: 


had been clearly established that vessels over 700 800 tons 
were not profitable the Lakes vessels asmaller size. Nature 
has placed barriers front most our harbors, also wide flats 
across some our greatest thoroughfares, that will, spite art, for 
ages come, make necessary build lighter-draft vessels. Sail 
vessels over 800 tons could not safely navigate the lakes even 
harbors were deep enough.” 


Mr. Keefer does not make entirely clear whether this testimony 
preserved palliate the insufficient size the Canadian canals, 
show the exuberant imagination developed the possession 
some small wooden schooners, the minds otherwise reliable citi- 
zens. The conclusions and opinions reproduced striking 
blance some published thirty years later the Committee 
Canals New York State. 

Notices large-sized steamships which have been built lately, for 
certain ocean trade that the Great Lakes, seem 
responsible for theory that all over-sea commerce carried ocean. 
leviathans, and that cannot have ocean leviathans cannot 
trade. But the sea-borne exports from the United States are carried 
vessels that average 818 tons net register; 108 vessels with aggre- 
gate 265 976 net registered tons cleared from our ports the 
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foreign trade during the fiscal year 1899. The average register sail- Mr. North. 


ing vessels was 371 tons, and steamships matter 
comparison, the American sail vessels passing through the locks 
the Soo during the calendar year 1899 averaged 944 net registered 
tons, and the American steamers 162 tons, nearly 9}% greater ton- 
nage than those engaged our foreign trade. And the vessels, sail 
and steam, carrying our exports foreign countries averaged only 
three-quarters the tonnage our vessels carrying between Lake 
Superior and the lower lakes. 

The steamships out the Port New York, our export trade, 
averaged 324 tons; those English and European ports north 
Gibraltar, tons. the Mediterranean, the average was 104 
tons; South American ports, 1517 tons, and West Indian ports, 
453 tons. 

The greater average tonnage ports north Gibraltar due 
part their larger consumption, and part our necessity shipping 
via those countries whose persistent subsidies steamer lines has 
enabled them become distributors the goods less alert nations 
those small but more profitable markets which are not reached 
direct lines from this country. 

Although there doubt that the large vehicle with full loads 
always carries freight lower cost than the smaller one, the small 
carrier necessary commercial development and occupies the same 
position ports smaller production that our cheaply constructed 
railroads the and ’50’s held the development this country. 
large commerce impossible without development the small 
carrier the four-tracked railroad would without its forerunner, 
the cheap road. 

Much has been said about barge and other towing the Lakes, 
the Atlantic and rivers. Towing the Lakes, though theoretic- 
ally economical, has not proved sufficiently profitable practice 
receive much development. The peculiar the Ohio 
and Mississippi, viz., the towboat pushing the fleet holding back 
bends, gives probably the cheapest transportation known, but that 
method would impossible the Lakes, doubtful practicability 
any canal, impracticable stream like the Hudson, where the 
tide ebbs and flows from New York Troy, and would dangerous 
times the Tappan Zee with the style boats used the Ohio. 
String and both practicable nearly all rivers, and 
there seem theoretical objections toits economy; but, except- 
ing fleet-towing the Hudson, has not been much developed 

this country. 

String-towing has for some time been practiced both the Lakes 
and ocean, particularly the coasting trade. one time the large 
coal railroads moved substantially all their coal eastern ports 
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towboats and barges. the dark days between 1893 and 1897 was 
thought the coasting schooner was doomed. asserted that for 
one year only one schooner was launched eastern ship yards. That 
now ancient history. For some time there has not been 
vacant berth eastern yard. list this year’s launchings 
shows eighteen 4-masted 6-masted schooners, averaging over 700 
tons gross register each. The coal companies will doubtless continue 
towing barges along the Atlantic coast, but doubtful that 
method transportation will again attain the relative importance 
four years ago; it, however, does not seem likely discon- 
tinued, and will probably always present means cheap trans- 
portation. 

Fear felt some that foreign governments would subsidize 
steamer lines our Lake ports and not only capture the trade the 
Lakes, but destroy the ship-building industry established there. Such 
fear does not seem well founded. vessel under foreign flag could 
way business between any ports the United States, and, 
though few foreign steamers would discharge and load cargoes 
Lake ports, their entire participation that traffic would probably 
not exceed the British tonnage now passing the Soo. But 
can confidently predicted that, with practicable channel 
sea, there are few vessels which would not add their cost the 
10% necessary put condensers and enable them compete for 
the very high ocean freight rates now exacted, which are substantially 
paid our producers. 

This theory, that either American carrying American ship 
building would ample waterway connecting the Lakes 
and ocean together, has great doubt thrown upon the attitude 
the agents foreign steamships sailing from our ports and that their 
employees and other servants. These lines are generally subsidized 
the governments whose flag they fly, governments that know what 
they are paying their money for, and their agents this country 
must uphold the interests such governments, well the interests 
the stockholders and those the closely affiliated railroads this 
country, make way for some one better fitted for the position. 
doubtful if, the whole category, single advocate for anything 
larger than barge canal can found. fear that ship canal 
ample cross-section would enable these foreign shipowners 
increase even maintain their present high rates for freight and 
passengers seems have more foundation than fear that the 
same canal would allow the New York Central maintain either its 
general freight rates its discrimination against the profits our 
wheat growers. 

The importance, our national prosperity, our present low 
freight rates and their further development this direction cannot 
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overestimated. Any history treating national power, from the Mr. North. 
dim days when its seat lay the Euphrates route between India 

and the then West, the present, shows, probably without assertion, 

that possession the cheapest and most efficient transportation has 

been necessary for the greatest development production and 

wealth. 

Forty years ago Great Britain possessed the cheapest internal 
transportation, and, while seeing the destruction our merchant 
marine, was building its own with subsidies nearly 000 000 
perannum. the aggregate rewards its industrial energy was 
apparently unapproachable. But the principle conserving vested 
rights has enabled the managers her railways maintain freight 
rates without sensible diminution during this period, and prevented 
competition from enlarged canals. Other nations, however, have en- 
larged their waterways and reduced freight rates. Then, England 
stood easily first among the nations and this country third. Now, the 
United States, having the lowest freight rates, stands first, and there 
doubt whether England, whose manufacturers and consumers pay 
more per ton-mile for transporting their freight than any other people, 
stands second third rank. 

The managers our railroads, unable establish legislative 
principles analogous those England, except possibly along our 
northern seaboard, have adopted the expedient known community 
stock ownership” with the apparent, not avowed, intention 
preventing healthy, other, competition the future. Success 
this plan will probably result freight rates 
this country, unless there more effective competition from water 
routes. Few doubt that the opening the combined Lake and canal 
route the spring still influences, and some extent controls, all 
freight rates east the Mississippi, they did greater extent 
when Mr. Fink gave his testimony. None can doubt that larger 
waterway than the present would have more influence; nor can 
denied that the larger the waterway, the greater the influence exerted 
it. The only tenable question the economical size the 
canal. 

Approaching the discussion these papers with predilection 
favor large channels, that some might call prejudice, collation 
the figures, presented from year year the members the 
United States Engineer Corps charge the locks the Soo, show- 
ing the important items the has resulted astonishment 
the combined growth tonnage and decrease cost transporta- 
tion, both absolutely and terms value carried. They show 
traffic that unprecedented for volume per inhabitant served, and 
also thought unprecedented both the small value per unit 
commodities carried and the low cost the service. This from 


| 
t 4 
| 
3 
| 


Mr. North. lake, the shores which were visited the explorers sixty years 


1222 DISCUSSION: CANALS FROM THE LAKES NEW 


ago. 

When the first locks the Soo were opened traffic were 
poor nation, and capital for small enterprises was secured with 
difficulty, mostly from foreigners money-lender’s bargains. To-day 
seem the world’s favorite gathering ground for national 
loans. 

consideration the curves increase and decrease, shown 
these returns, and their extensions, have appeared justify the fore- 
going assumed increases tonnage and decreases cost service. 
They also are thought warrant the prediction that channel from 
the heads the Great Lakes the Port New York the service 
distribution between the area which seeks outlet that channel and 
the Atlantic coast our country, will large not incon- 
veniently crowded the passing traffic. The direct returns from the 
lower freight rates, ample and commodious channel, will 
undoubtedly exceed the annual expense the nation for interest and 
maintenance. 

the statistics referred may not easily accessible all 
members the Society, they are given Tables Nos. and with 
the addition the railroad rate per ton-mile, given Poor’s 
Manual, and some deductions. 


TABLE No. ToNNAGE PassING THE 


1855 106 296 1864 571 438 1873 | 1204 446 1882 | 2468 088 1891 8 400 685 
1856 101 458 1865 409 062 1874 | 1070 867 1883 | 2 042 259 1892 | 10 647 203 
1858 219 819 1867 556 899 1876 | 1541 676 1885 | 3.085 9387 1894 | 13 110 366 
1859 352 642 1868 482 563 1877 | 1489216 1886 | 4219 397 1895 | 16 806 781 
1860 4038 657 1869 524 885 1878 | 1 667 136 1887 | 4897598 1896 | 17 249 418 
1861 276 639 187 690 826 1879 | 1677 071 1888 | 5 130 659 1897 | 17 619 933 

Lock. Dimensions. Date opening. 

First lock; double lift......... ft. June 18th, 1855. 

800 100 ft. Aug. 8d, 1896. 


the lake channels from ft. was commenced the spring 
and completed 1898. 


— 
. 
TABLE No. THROUGH THE Locks St. Mary’s OTHERWISE CALLED THE Soo.” 
Average rail- ercentage 
Year. Tons Ton-miles Average Lake cost Cost per Value value paid 
(2) (3) (4) (5) (6) (7) (8) (9) (10) 
Mills. Mills 
494 649 458 544 804 811 075 153 2.3 101 353 $79 031 757 
411 423 173 132 972 806 883 077 1.5 9.77 541 509 156 019 
516 022 940 646 352 790 634 247 1.5 9.70 624 270 732 527 
041 213 207 299 415 472 1.3 9.27 811 666 102 214 948 11.30 9.26 
| | | 
858 759 292 462 269 820 849 023 9.29 746 974 128 178 208 7.68 
214 333 222 072 851 1,31 9.41 786 303 135 267 12,49 8.93 
195 860 927 871 324 821 798 310 0.99 8.64 94416808 148 10.80 
062 580 548 892 830 238 758 1,14 104 896 385 159 575 129 10.59 
982 755 969 393 576 220 100 0.83 127 276 067 218 235 927 11.49 6.06 
255 810 20891 944 707 1,05 151 675 518 281 364 750 7.80 
| 
averages 169 333 701 140 041 167 326 827 $155 798 436 1.11 8.43 181 202 818 


§ 
| 
| 
. 


Mr. Monro. 


1224 DISCUSSION: CANALS FROM THE LAKES NEW YORK. [Papers. 


Monro, Inst. (by letter).—Mr. Wisner makes out 
fair case for channel, but the writer must take exception 
the way which has bracketed the decline traffic the Erie 
Canal since 1880,” with the alleged the 14-ft. Canadian 
canals divert commerce from the lake and railroad 
true that the traffic the Erie Canal, its present dimensions, con- 
stantly declining—and for obvious reasons—but the 14-ft. channel 
between Lake Ontario and the sea has not yet been tried, and, there- 
fore, cannot correctly said have failed. well known, the 
Canadian canals were only fully opened the new dimensions this 
spring, and there are yet but few vessels full Canadian canal 
existence. The that can navigate the St. Lawrence route 
the greatest advantage has yet built, but the writer believes 
that number suitable craft are now hand the Upper Lakes. 
matter fact, only one vessel drawing 134 ft. passed through 
Montreal, far, this season. The writer inclined believe, how- 
ever, that the $65 000 000 spent Canada line navigation 
which will enable vessels drawing ft., and carrying from 000 
200 tons, pass directly from Duluth, Fort William Chicago 
Montreal without breaking bulk, has not been entirely thrown away— 
but, the contrary, this magnificent route, when fully developed, 
will ere long, must prove valuable means transporting grain, 
ore, steel, etc., for export Europe via Montreal. 

the arguments set forth Major Symons report 1897 are cor- 
rect (and the writer believes this the ablest and most practical 
paper which has far been written the subject), and his conclusion 
sound, that the best thing New York can construct 10-ft. 
barge canal across the State 350 miles from Buffalo Albany, then 
there appears chance for Canada some business, 14-ft. 
basis, with boats 000 tons, and only about miles canals be- 
tween the Great Lakes and the seaboard. course, fact that 
the domestic commerce the United States, between the centers 
population the East and the producing regions the West, con- 
stitutes the vast bulk the present traffic; and the Canadian route 
does not lead directly either the New England States New York; 
but the development Canada’s own vast areas production the 
Northwest must soon give plenty work todo. There will beenough 
crowd all the avenues transportation both rail and water. 
The railways are making such rapid strides cheapening freights 
that the water routes will have look their laurels. Brindley said 
that rivers were made feed canals; but one would not now sur- 
prised hear railway men proposing fill them both 
form roadbeds for their ever-multiplying tracks. the water routes 
fail entirely, has been confidently predicted, the Canadian route 
prove the exception hoped for. all events, Canada past 
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the theorizing stage. Its main canal system now completed, such Mr. Monro. 


is, and, fail, all that can then said for Canadians that 
they deserve more credit for pluck than for foresight. However, the 
end not yet, and the writer, for one, fully believes that Canada will, 


due time, reap the full benefits her large expenditure her 
national route. 


Frank Am. Soc. (by Wisner’s Mr. Hinds. 


paper valuable that shows the necessary dimensions canal 
must have order asuccessful business between the Great Lakes 
and New York, and Mr. Mayer’s paper throws much light the ques- 
tion who should build it. 

That the enterprise belongs the United States and not the 
State New York alone, becomes more evident the more consid- 
ered, although New York State will always much interested it, 
account its necessary location through her territory. 

Nature made great valley through the middle New York State, 
cutting the Appalachian system mountains below the level Lake 
Erie and making possible construct self-supplying waterway 
from this lake directly tide water Troy the Hudson. the 
report the Deep Waterways Commission 1897, this route, 
although mentioned, was not reported with favor, but, instead, route 
was mentioned from Lake Erie Lockport and Lake Ontario 
Olcott Harbor, and thence way Lake Ontario Oswego and 
again through the Mohawk Valley and finally down Troy. The 
reasons given favor the Lake Ontario route were: Less standard 
canal build; the development new business Lake Ontario, and 
supposed saving total length. 

would seem now, however, view the comparative speed 
which vessel may able make the canal, shown the 
two papers under discussion, and also view the expense and diffi- 
culty providing adequate and reliable water supply for the 
summit the Mohawk Valley Canal, that the subject self-supply- 
ing, continuously-descending-grade canal from Lake Erie the 
Hudson should have further consideration. 

The level Lake Erie 573 ft. above tide; that Lake Ontario 
247 ft. The long Rome Level the present Erie Canal 430 ft. 
above tide, 183 ft. higher than Lake Ontario. all the business 
done waterway, probably more than seven-eighths would 
come from Lake Erie points farther west. 

Now, if, reeommended the Deep Waterways Commission 
1897, the route from Lake Erie through Lockport and Olcott 
Lake Ontario, and thence Oswego and Oneida Lake Rome, all 
the through tonnage must iowered the level Lake Ontario and 
then raised again the Rome Level, making, compared with 
continuous-down-grade canal, twice the difference level 183 ft. 
from Lake Ontario Rome, 366 ft. unnecessary lockage. 


Mr. Hinds. new canal would, course, made with fewer locks and 
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greater lifts than was the old practice, but the delays consequent 
upon 366 ft. lockage would offset any advantage greater speed 
made vessels while the open lake between Olcott and Oswego. 
The time required for this 120 miles lake navigation miles per 
hour would hours, while the standard canal, miles per 
hour, would take hours, hours more than the open lake; 
but this would short time which accomplish the 366 ft. 
unnecessary lockage. comparison the total distance over each 
the two routes, although cannot made with certainty until each 


carefully surveyed, would probably not disclose great difference 


between them; but the probabilities are, judging from study the 
topographical maps the United States Geological Survey, that 
the shorter line will found way the continuous canal. 

With the continuous down-grade, the water from Lake Erie would 
practically supply the canal through the Hudson, and avoid the 
very difficult problem providing entire water supply the 
Rome Summit. 

remembered that, where canal passes over summit, 
the water must supplied the top, and each boat passing over 
requires supply water equal the horizontal size the lock mul- 
tiplied the total height all the locks ascended descended. 

ship canal passing over the Rome Summit Level, from Lake 
Ontario the Hudson, requires total lift 183 480 613 ft., 
and all the water for operating the locks either direction must 
supplied the summit. 

was proposed, inthe Deep Waterways report, make moderate 
development the canal through western New York, with high 
level from Newark Syracuse, means water supply for the 
Mohawk Valley Summit. 

Now, practicable make feeder along this line, then 
cannot very impracticable make the feeder into canal, and the 
cost the first construction, and the maintenance this feeder 
afterward, can applied the first cost the continuous canal, 
which will self-feeding. Lake Ontario may fully accommodated 
and its interests thoroughly developed side cut, probably 
through Oswego and the Oswego River, would all the business 
from the Upper Lakes was compelled pass down its level and 
then raised again over the summit. 

With the necessary water supply reduced minimum, and 
takes much less water for the through business the unnecessary 
lockage into Lake Ontario avoided, and with the supply water 
coming from source constant and secure, and well situated, 
that Lake Erie, plain that this route deserves more atten- 
tion and consideration than seems have received. 
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With the work the hands the United States Government, Mr. Hinds. 
can certainly afford, builds canal, build the one that best 


and most desirable for the whole country, and cheapest and simplest 
operate. 


Am. Soc. (by letter).—These papers, Mr. Sweet. 
relating the same propositions, and reaching similar conclusions, 
deepen the conviction the writer has held, ever since bringing this 
subject the attention the Society, paper read the Buffalo 
Convention 1884,* that waterway built connect these waters 
can hope secure great commercial importance unless can accom- 
modate the largest vessels navigating the Great Lakes. 

communication the. Times, opposing the endorsement 
the proposition then before the people New York authorize the 
expenditure 000 000 for slightly enlarging the State canals, the 
writer urged that expenditure great sums money for so- 
called improvements the present canal were discouraged 
wasteful, and because they tended postpone the wise and states- 
manlike undertaking deep-water outlet for Lake commerce.” 

There are three fundamental and controlling elements advantage 
the deep waterway: 

elementary physical law, that the resistance motion 
vessels like model varies directly their immersed surfaces, 
while their tonnage varies the cubic contents their immersed 
section, ensures enormous economy large boats. 

Second.—The obvious and controlling advantage passing from 
terminal terminal without transfer cargo. 

Third.—A large fleet adapted the navigation the deep water- 
way already exists, while, put the smaller canal into operation, 
new marine equipment must created, for which there could little 
use elsewhere 

Mr. Wisner makes very strong argument, showing the dispropor- 
tion benefit cost the deepening Lake channels and harbors 
beyond the depth now process attainment the Gov- 
ernment engineers. seems the writer afford definite author- 
ity for fixing the depth the canal, and, the light the extended 
experiments made since 1890 France and Germany the resistance 
traction narrow channels, the writer thinks that the making 
the wet cross-section more than five times great the midship 
section the largest vessel intended accommodate, will insure 
about two-thirds the speed secured open water with the same 
expenditure energy; but for economy movement with ft. draft 
thinks that the proposed form section should modified 
increasing the depth ft. and narrowing the width sufficiently 
secure the proposed sectional area channels. cannot share the 

Transactions, Am. Soc. E., Vol. xix, 37. 
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sanguine expectation expressed Mr. Mayer the volume 
tonnage likely soon seek transportation Its chief 
function will the transportation freight destined for Atlantic 
ports and for export. The ore and coal freights which form large 
fraction lake tonnage cannot, under present conditions, contribute 
business this canal. 

must remembered that the railroads are the natural and 
necessary distributors even the coarsest and heaviest freight, their 
side tracks reach the yards all large manufacturers and consumers 
throughout the country. large part the tonnage received 
Lake and other Lake Erie ports destined for distribution 
the interior the Eastern-Middle and New England States, and 
this freight will all probably continue handled from Lake ports 
the railroads, for the reason that the branch roads making this dis- 
tribution are controlled railroads reaching these Lake Erie ports, 
and their control local rail rates will enable them route this busi- 
ness through from these ports instead from points farther east 
the canal. 

withdrawing large part the business the railroads, which 
large part the capital the country invested, upon their 
earning capacity and the rates would necessary for them impose 
their remaining traffic. 

Account should also taken the question whether all freights 
may not ultimately handled more cheaply rail, favor 
which there are both practical results and theoretical considerations. 

The great and uninterrupted decrease unit-cost railroad 
freight transportation during the period since its introduction 
may cited the practical result, and the fact that the resistance 
the movement rail freight varies directly the velocity and ac- 
count the labor item (within limits safety track and equip- 
ment) cheaper high than low speeds, while the resistance 
vessels increases rate greater than the square the rate speed, 
and absolutely greater than the rail resistance except moderate 
rate, may urged the principal theoretical consideration. 

The fact that our resources are growing rapidly, that the Lake 
Region and the line this canal furnish the most suitable field for 
great export business heavy manufactures, and that the export 
freight business necessarily carried water, make probable 
that both the railroads and the canals will needed future not 
remote, and both profitable. 


the invitation take part the discussion subject such world- 
wide importance, the writer can but express his regret that lack 


*Chief Engineer the Manchester Ship Canal; President the Manchester Asso- 
ciation Students the Institution Civil Engineers. 
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time and pressure official engagements have rendered impossible Mr. Hunter. 


for him find opportunity for the close and detailed study the 
question which rendered necessary the great issues involved 
it, grasp anything more than tbe outlines the different 
schemes which have been propounded; though this particular the 
papers Messrs. Mayer and Wisner have been the greatest possi- 
ble assistance. 

appears very clear many outside the boundaries the United 
States, that the time has arrived which essential, even the 
interests their own country, that the economists and engineers 
the United States should take more practical cognizance the fact 
that their great Republic has even more important part play 
integral portion the human family, than more less self- 
contained community (or concourse communities) dwelling alone, 
devoting itself the development its own resources, and the 
advancement its own interests, whether material moral. 

The date the accomplishment the poet’s dream The par- 
liament man, the federation the world,” far off ever; yet, 
nations individuals, true, and becoming more and more 
apparent, that liveth himself, and one dieth 
himself,” for the interdependence humanity growing more 
and more pronounced population increases, and the reserves, 
the way uncultivated prairies and unwatered steppes, are being 
brought into use for the benefit man. 

Interdependence involves intercommunication: The one ques- 
tion for the economist, the other matter for the engineer; the present 
danger that each case too narrow view may taken, either 
the responsibilities the position, its possibilities. 

The problem the future, the not-far-distant future, will resolve 
itself into the broad question the supply food the rapidly 
increasing masses mankind. Civilization becoming effective 
last, and the result growing unprecedented 
rate, much that the academical question—the question the 
theorists—of former generations, the sufficiency the earth for 
the support her children, will soon loom largely the horizon 
practical politics, and men will have rouse themselves deal 
with it. 

this were admitted and its significance realized, proposals for con- 
structing barge canals, even ship canals insignificant depth, 
between the Atlantic seaboard and the Lakes which form the natural 
center one the greatest food-producing districts the earth, 
would drop into the limbo lost the insufficiency either 
one the other would become manifest. 

The first and greatest the means intercommunication our 
planet providing, the ocean; whether the East 
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the West, the sea the trunk highway mankind; and the primary 
object sought the projection waterway originating the 
seaboard, and consisting, generally the case, (a) the improve- 
ment river, the formation canal, should the carrying 
the sea far into the interior reasonably possible; for the farther 
carried into the interior, the greater will the benefit the 
district affected, and the more marked will the ultimate success 
the waterway. 

The Manchester Ship Canal furnishes example waterway 
this class. docks are miles inland from the coast line, 
distance which covered miles estuarial and river improve- 
ment, and miles canal construction, construction which was 
carried out the midst dense population, the teeth bitter 
and prolonged opposition, and despite crowd ancient rights 
and vested interests, which are always short-sighted, inert, and 
desperately opposed progress, but which, country like Great 
Britain, must reckoned with, must some cases conciliated, 
others coerced. process costs money, hence the Manchester 
Canal cost more than should have cost, which cause, added 
that presented the obstructions thrown the way its working 
the same vested interests, due the fact that the present 
time has returned reward the shape dividend its original 
shareholders. 

This fact had led pessimistic persons the conclusion that the 
canal has failed the accomplishment the purpose for which was 
promoted and constructed. There never was greater fallacy, 
greater error. prominent public man Manchester,* the head 
one the largest manufacturing England, has declared again 
and again, and has met with one bold enough deny his proposi- 
tion, that the citizens Manchester are receiving more than 20% per 
annum for the $25 000 000 which the city invested the canal, while 
directly and indirectly the canal has influenced for gooda district 
which the population more dense than any other the face 
the globe, and has sensibly advanced the welfare some 000 000 
human beings. the same time trade growing, developments are 
accruing, terminal facilities are being increased and extended, and the 
cost handling traffic diminished such that there every 
prospect return being made ultimately, even the patriotic share- 
holders put their money into the undertaking. 

The depth which the Manchester Ship Canal was constructed 
was ft., but the sills the locks were put down ft. 
Steamers dead-weight capacity 000 tons are now traversing 
the canal regularly, and others, still larger, are projected. Thus 
clear that the deepening the waterw ft. will have taken 
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hand distant date, for the course trade now such that Mr. Hunter. 


large steamers can run and prove themselves profitable their 
where small even moderate-sized vessels cannot live. 

Applying this experience the case under discussion, which 
really not one carrying the sea inland, much one join- 
ing two seas, or, other words, severing isthmus, would 
appear that dead-weight capacity 600 tons for the ocean-going 
steamers proposed sent on, via the new waterway, Chicago, 
would insufficient. Such steamers would hardly compete now with 
the large and improved boats which are continually being launched, 
and twenty years’ time they would altogether out the running. 
Ifthe canal were formed with depth ft. the instance, and 
all lock sills, syphons, and other works which would limit the possi- 
bility future deepening, were put down ft., probable that 
the waterway would meet the world’s needs for the next half century, 
which all that can required. 

The regulation speed vessels the Manchester Canal is, 
stated Mr. Wisner, miles per hour, but licenses are issued 
steamers permitting them run the rate miles, experience 
has proved that this speed sensible amount injury caused 
the banks wash; the licenses are, therefore, granted matter 
course, there having been only one instance which the writer has 
had refuse his consent the issue, and that was the case 
large paddle steamer (an undesirable craft canal), which was 
already really running the rate over and wanted run miles 
per hour. There need, therefore, apprehension the safety 
the estimate miles per hour the average speed large 
steamers the proposed Lakes Canal. 

The writer would like add one observation respect the 
argument that the Lakes Canal were really required play 
economic would sufficient bring about its construction. 
The economic theories—or principles, the word preferred—of one 
age become the fallacies another, life more complex, and 
the interdependence, which reference has already been made, 
grows more complete. From this proposition, sound, follows that 
strict adherence theories demand and supply, these 
theories were natural laws which could not broken with impunity, 
would inevitably arrest the advance civilization and the progress 
the human race. 

The ordinary investor, such, neither philanthropist nor 
patriot—he does not think—nor indeed possible for him think, 
part, the welfare the State, which isasubject. the con- 
trary, his operations are governed wholly the prospect return for 
his investment the form interest upon his capital. clear, 
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therefore, (1) that public works the first lines 
communication and the like—which are, the first place, for the 
public benefit, can present little attractiveness the investor, (2) 
that such works will never made out private money (any more 
than ironclad line-of-battle ships can built, coast defenses con- 
structed, out private money), and (3) that, cannot denied that 
they are necessity the public welfare, the public, that say, 
the State, must necessity provide the funds required for their con- 
struction and equipment; and this despite the instinctive tendency 
the Anglo-Saxon race depend these matters upon private enter- 
prise rather than upon governmental energy. 

the opinion the writer, the advantages, direct and indirect, 
which would accrue the citizens the United States from the con- 
struction the canal between New York and the Great Lakes would 
profound and far reaching, and the increase the prosperity the 
community would marked that the Central Government would 
justified forming the canal and throwing open the trade 
the world the smallest possible toll charge; claims that the case 
the Manchester Ship Canal, and the benefit which its working 
has been proved have conferred upon the greatest manufacturing 
district earth, furnishes firm basis for this opinion, and 
desires thank the American Society Civil Engineers and the 
authors the papers under discussion for affording him oppor- 
tunity expressing it. 

the New York Canal Commission barge canal ft. depth, and 
other studies improved waterways between the Great Lakes and the 
metropolis the Hudson River, after the able report Major 
Symons recommending barge canal ft. deep, cannot fail prove, 
even distant observer, the growing interest the engineering 
profession improved waterway, and the same time sentiment 
for greater dimensions for this modern canal. 

Not being able check the figures presented, the writer may 
allowed point out some commercial features North America’s 
Atlantic slope affecting inland navigation. 

The commercial power the City New York seems 
great that the exporting merchants not think running ocean 
steamers the Hudson River with the flood current meet the canal 
boats far inland possible, the case several European rivers. 
One could figure out, however, that the cheapest way exporting 
western goods would carry them barges lake steamers, 
say, the Hudson, and transfer them there into large transat- 
lantic steamers. considered silent but great compliment 
the harbor New York that nobody advocates this waterway sys- 
tem, promising the cheapest rates from West transatlantic ports. 
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prevented the commerce from passing greater degree through the 
Canadian canals ft. depth. 

That dominant position New York will, course, deciding 
effect the final solution the waterway question, and the fact 
should not overlooked that with ship canal ocean steamers 
would pass the metropolis the Atlantic Coast, and allow European 
freighters run into the Great Lakes far Duluth, and take the 
grain the West Europe, without transfer and harbor expenses. 
does not seem likely that New York will part with the many petty 
charges and profits derived from distributing and transferring goods, 

One may safely presume that the City and the State New York 
will construct waterway satisfactory their interests, which com- 
mercially will the same kind the old Erie Canal—and will 
strengthen still more the great center the Atlantic Coast. 
important the city that all transfers between the Lake harbors and 
New York should done away with, while retaining the transfer busi- 
ness, and this condition can satisfied large barge canal. 

Germany, the number barges—Seeleichter—is growing rap- 
idly, and these barges run safely from the Rhine and the Dortmund- 
Ems Canal through the German Sea, and the Kaiser Wilhelm Ship 
Canal the Baltic Sea—the Great Lake Northern Europe. Besides 
these towed barges, twenty-five small steamers are running regularly 
from Koeln the Rhine London, Hamburg, Dantzig, etc. 

The growing sentiment for greater dimensions for new canals may, 
the writer’s opinion, lead barge canal ft. depth, after 
some further discussion. This would give fair field for competition 
and comparison between small freight steamers and large barges, and 
the results would watched with great interest everywhere. 

The advantages 14-ft. barge canal, which would take care 
the business concerned for some time, may stated follows: 

First, would mean great step advance without changing the 
commercial position fundamentally, and the canal itself could con- 
structed two parts: With deeper canal from the Mohawk Valley 
Lake Ontario operation, steamers and barges could make use 
the Welland Canal, allowing the time for building the Niagara Canal 
and the fleet standard vessels. 

Secondly, the fleets steamers and barges would enhanced 
value account the two outlets the ocean, and even third one 
from Chicago New Orleans, which can hoped for. 

Without strong reasons for change, the dimensions neighbor- 
ing waterways, even when little less profitable, should accepted. 
The Canadian canals may keep their present dimensions for many 
years come, and the ship canal from Chicago New Orleans may 
not come all, for two reasons. After ship canal built from the 
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Great Lakes the Atlantic Coast, second ship canal would 
needed the Gulf, for ocean steamer would choose such long 
inland waterway competition with cheap river steamers and still 
cheaper barges. Buta deep barge canal from Lake Michigan the 
Mississippi, and another one from Lake Erie the Ohio River, would 
form, with the Canadian and the York canals, great system 
uniform waterways opening half continent steamers and barges 
standard dimensions. 

Am. Soc. (by letter).—The time required 
for the passage ship through the proposed Deep Waterway per- 
haps likely provoke discussion any point Mr. Wisner’s 
paper. The writer, having taken part the investigation from which 
Mr. Wisner’s conclusion resulted, will present outline it. 

The movement ship through the artificial channels the Deep 
Waterway would obstructed two different sets causes: Ist. Re- 
duction speed due the restricted dimensions and curvature the 
waterway and the meeting shipstherein; and 2d, delays for passage 
locks. 

Any restriction waterway, whether depth width, will 
cause reduction the speed ship passing through it. St. 
Clair furnishes example waterway where the restricted dimen- 
sion depth, the width being several miles. The logs two ships, 
each loaded within ft. the bottom this lake, showed reduc- 
tion speed 18%, compared with the speed the same 
ships the deep water Lake Huron. While data this point are 
not numerous might desired, was believed the safe 
side assume reduction which was adopted the investi- 
gation referred to. New data, collected since the close the investi- 
gation, confirm those used. 

the width the waterway also restricted, new retarding con- 
ditions result. When the ship moves forward its length, volume 
water equal its displacement passes between the ship and the bot- 
tom and sides the waterway maintain the water level, creating 
back current. the speed the ship through the water remains the 
same wide, shoal water, its speed past fixed land point will 
reduced the speed the back current. the investigation this 
reduction was made, although the amount appeared somewhat 
excessive, because, the first place, the proper reduction was already 
part provided for the adopted reduction 20% for the effect 
shoal water, and, the second place, because the amount water 
transferred from the bow the ship the stern was calculated the 
product its midship section its length, without allowing for the 
reduced sections near the bow and stern. The calculated back flow 
was therefore too great, and the reduction the speed the ship 
taken was too great. 
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create the back flow and maintain past the ship requires Mr. Noble. 


head water which opposes the movement the ship. This, how- 
ever, the investigation showed unimportant the wide channel 
adopted for the waterway and with the speeds permitted it. 

These reductions speed were applied the case ship having 
speed miles per hour the deep, open lake, resulting 
speeds, with the same expenditure power, varying from 8.2 miles per 
hour, the ordinary section 215 ft. wide the bottom, 9.5 miles 
per hour channel 000 ft. wide the bottom. 

investigation this kind must supported experience, 
trustworthy, and therefore the actual movement ships other canals 
was examined with great care. 

Manchester Canal.—The bottom width 120 ft., the depth ft., 
and the cross-section about sq. ft. earth sections. 
paper presented the International Congress Navigation, 
1898, the Chief Engineer, Mr. Hunter, gave the dimensions 
number vessels which traversed the canal speeds varying 
from 7.3 13.6 miles per hour. The slower rate was for ship 255.3 
ft. long, 33.7 ft. beam, drawing 17.6 ft. The largest ships traversing 
the canal are about 450 ft. long and beam. The writer accom- 
panied one the ships for several miles and carefully noted its speed. 
was loaded within few inches the canal bottom, and there- 


fore steered badly, requiring the aid tugs, but the speed reached 


miles per hour. the consideration the permissible speed 
waterway, either from theoretical practical standpoint, the ratio 
the area the ship’s immersed cross-section that the water, 
controlling feature. the case the ship just mentioned the area 
the cross-section the waterway was 3.7 times the immersed cross- 
section the ship. This ratio will designated 

Suez Canal.—When opened, and for many years afterward, the 
bottom width the Suez Canal was ft.,and ships were permitted 
move the rate 6.2 miles per hour. The value for the larger 
ships was probably little greater than The bottom width the 
standard section the Deep Waterway almost exactly three 
times much, and the cross-section the largest ships traversing 
will probably not great. the comparison made 
means the ratio its value for the largest ships expected the 
Deep Waterway will 5.5, instead Suez. Whether the 
comparison these ratios, bottom widths, made, speed 
8.2 miles per hour the Deep Waterway will appear much 
safer than one 6.2 miles the Suez Canal. 

the practicable rate speed and degree security attain- 
able artificial waterway, better example can cited than the 
St. Clair Flats Canal, where serious accidents seldom never occur. 
This believed the most crowded waterway the world. The 
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Mr. Noble. maximum speed permitted regulations miles per hour, but the 


largest freight steamers frequently pass higher rate; the largest 
passenger ships attain rate 11to13 miles per hour and speed 
15.4 miles per hour record. 

With these examples view, the speed 8.2 miles per hour 
straight waterway 215 ft. bottom width appears moderate. The 
width be-increased all curves less than 000 ft. radius, 
the widening being ft. for each reduction 200 ft. the radius. 
reduction permissible speed, equal miles per hour 

1.5 degree curve, 
made the standard canal section, the reduction being reduced 
where the bottom width greater. While this allowance purely 

the Suez, and other very narrow waterways, one two meeting 
up. This not found necessary the artificial channels 
the Great Lakes system, but the speed both ships isreduced. Inthe 
300-ft. channels the St. Mary’s River, where the channel banks are 
submerged, the regulations provide that the speed both ships shall 
reduced miles from permitted speed and, excepting 
special localities where the current very strong, this has been found 
sufficient. the somewhat narrower channel the Deep Waterway 
the assumed reduction speed about miles per hour. The 
number meetings deduced from assumed 000 000 
registered tons annually carried ships averaging 2500 tons net reg- 
ister, 10000 ships per year. This discussion thus far relates 
channels earth. Objection may made that channels rock 
with rough sides such speeds would dangerous. The reply this 
would that nosuch channels are contemplated. rock the bottom 
width increased and the sides made vertical, channeling 
machines where the rock sound, and retaining walls where these 
are necessary. 

The delays locks will not discussed here like detail; 
briefly, the allowance for these delays based ample experience 
the St. Mary’s Falls Canal the movement ships and the other 
operations locking. addition this considerable period has 
been allowed arbitrarily for delays lake points where, after storms, 
vessels may occasionally arrive more rapidly than they can passed 
through the next lock, and for smaller delays each intermediate 
lock. 

designing this waterway the view has prevailed that would not 
worth making unless were adapted more speedy navigation 
than the principal foreign canals. much wider prism and better 
lock facilities are therefore provided, and confidently believed 


that the estimates time required for passage throug will stand 
investigation. 
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open broad field for discussion, not only engineering and 
economics, but administration and statecraft. 

Randolph’s contains much little, and 
certainly sagacious compromise, makes provision for the pro- 
gressive the capacity the waterway. 

has invariably demonstrated the inadequacy rigid 
dimensions keep pace with the growing demands commerce and 
the necessity flexibility which will adapt itself the rapid growth 
tonnage. 

early 1847 (before the Sault Canal was seriously thought of) 
the late Abert, Hon. Am. Soc. E., Colonel, Topo- 
graphical Engineers, discussed the Probable the Lake 
trade, official report Mr. Marey, Secretary War, which 
said 

difficult approach this part the inquiry without fear 
appearing exaggerate. Those who knew these Lakes thirty years 
ago, and who know them now, will admit that existing facts have 
human expectations, and that the wildest speculations the 
imagination have been more than realized the vast increase their 
commerce. Then, examine into the elements this increase, 
can perceive reason doubt less energetic action these ele- 
ments, for many years come, than has been realized the 

That this forecast has been fully justified subsequent events 
confirmed the statements General Poe, whose investiga- 
tions the tonnage through the Lakes well him state the 
facts. 

thirty-five years have watched the increase the Great 
Lakes commerce, but neither nor anyone else has been able 
expand ideas the same rate. The wildest expectations one 


year seem absurdly tame the side the actual facts the 
next.” 


view this experience, somewhat surprising read that 
keen statesman Henry Clay opposed Hon. John Norvell’s motion 
construct this canal, 1840, the statement that was work 
beyond the remotest settlement the United States, not the 
moon.” 

Henry Clay evidently did not know the latent resources the 
Lake basin, nor the relative economies water transportation—and 
even the present time there much misunderstanding the 
eifect upon our industrial growth due increased facilities. 

well known that transportation seeks the line least resist- 
ance (as measured the total cost from mine market). Tolls, 
transfer and terminal charges are much element diversion 
are physical obstacles. The Carnegie Company now making efforts 
ship direct from Lake ports ria the Welland and St. Lawrence 


Ex. Doc. No. Congress. Rep., First Session, Jan. 12th, 1848. 
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Mr. Haupt. Canals, after making the overland portage rail. Were the Lake 


Erie and Ohio River Ship Canal opened would not only greatly 
facilitate this movement, but would also augment the coal tonnage 
Eastern Atlantic ports, and hence would seem unwise not 
make provision the dimensions the canal for not less than 
between 000 000 and 000 000 soon after its opening 
tidewater. There is, doubt, much truth the contention 
Major Symons, that the freight once reached Lake Ontario 
would not lock high divide and longer route maintain the 
City New York commercial terminus, but would switched 
off via the Montreal route; but, the same time, that would seem 
reason for denying the densely peopled manufacturing and 
productive agricultural districts tributary the Lakes the advantages 
lower rates and more extensive markets. New York City not the 
United States, and that city may not share the benefits (which 
the writer does not admit would happen), other sections should not 
debarred from such advantages. 

said that built the United States, the benefits should 
all acerue the United and, again, benefits should 
accrue only the United The only route which permits this 
that the line the present Erie Canal,” and hence the 
prism lesser dimensions, with barge system carriers, urged. 

But can the beneficent influences canal cheap water route 
restricted any country? not the waterways France and 
Germany enable our exports and their imports permeate every 
avenue trade, and supply points not otherwise accessible the 
same rates, the benefit our producers? our shortest and 
cheapest route our foreign markets lies through Canadian waters, 
there any reason why our producers should not utilize them rather 
than pay for transfers and storage both ends broken and 
circuitous route? 

should also noted that the staple products State tributary 
deep water route are quoted higher than those remote points 
and which require transhipments, that the producer reaps the 
benefit the cheaper route, while the consumer also buys lower 
price because the economy cost carriage. 

Money spent the maintenance expensive system requiring, 
say, the gross income for operation when one available which 
can maintained and operated for one-half one-third this cost, 
extravagant. has been estimated Stevenson that the value 
commercial channel varies the cube the depth, while the economy 
bulk movements fully sustained the rapid increase the size 
ocean freighters and the demand for deeper channels carry them. 

Many minor questions suggest themselves, speed, ratio beam 
dimension section canal trunk, number trips per annum, cost 
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plant for given tonnage movement, which have been more Mr. Haupt. 


less fully treated the Navigation Congresses and the members 
this Society, that not desirable review them here, the in- 
tention the writer merely emphasize the need making early 
provision for the largest movement, view the rapid increase 
population and sight. 

does not appear appreciated that the year 1930 our 
population will have almost doubled, and that are increasing three 
times more rapidly than any the civilized nations the world 
are available the writer. Ordinary prudence 
would therefore demand that early provision made maintain our 
freedom internal circulation, and the creation external markets 
provide employment for the next generation, and prevent degenera- 
tion and distress. 

During the past century each decennial ratio has shown average 
decrease the preceding ratio, yet the actual numerical 
increase population has gone geometrical ratio. The 
increase during the past decade, for example, was nearly 000 000, 
more than the entire increase from the discovery America 1830, 
and between 1920 and 1930 the increase should about 000 000 
souls. Another factor which will augment greatly the commerce 
through the enlarged canal will the opening the link between 
Chicago and the Mississippi River, now being the 
River Valley Association, thus bringing the waterways the Great 
Basin into unison with those the Lakes during the season navi- 
gation. This not remote was the Sault Canal 1840, and 
one the great and urgent improvements required the present 
generation, and which will promote the future our great Republic. 
Let the American Society Civil Engineers found the forefront 
all these great movements develop our commerce. 


q 
i 
} 
q at 
> 
] 


Vol. XXVI. 


DECEMBER, 1900. 


INSTITUTED 1852. 


AMERICAN SOCIETY CIVIL ENGINEERS, 


PAPERS AND DISCUSSIONS. 
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any its publications. 


DIRECT METHOD SPACING RIVETS AND 
FINDING THE POSITION, ETC., STIF- 
FENERS PLATE GIRDERS. 


Discussion.* 


Mr.Schaub. Am. Soc. (by letter).—The writer wishes 
call attention the author’s method proportioning the intermedi- 
ate stiffeners carry the shear the web This the 
usual method proportioning for stiffeners, but can shown that, 
if, some way, the load can put into the web, stiffeners what- 
ever will required, except, course, the end stiffeners. This 
contrary all accepted theories web stresses, but little experi- 
ment can made demonstrate it. 

The following experiment was made the before the 
Western Society Engineers, October 10th, 1900: 

Make plate-girder model drawing paper, about ins. long and 
deep, with two flange angles the top and bottom, and let the 
web the girder project below the bottom flange angles, that the 
loads can suspended means hangers attached the project- 
ing web. Nowsupport the girder the ends and support the top 
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flange against crippling sideways. will found that loads which Mr. Schaub. 


can suspended from the hangers with perfect safety cannot placed 
top the girder without buckling the web. Moreover, the web 
will stiffen once, and will found that, although the web 
already carrying the suspended loads, additional loads can now 
placed top the girder and the web will not buckle. follows, 
then, that after the load put into the web, the web actually stiffer 
than was before; that stiffeners need only provided get the 
load into the web, and not carry the maximum shear any point. 
Would not more rational, then, proportion the intermediate 
stiffeners carry only the maximum concentrated load any point, 
rather than the maximum shear? 

With this experiment view, the writer has specified, specifi- 
cation just issued for western railroad, follows: 

Intermediate stiffeners shall provided for, struts carrying 
the maximum concentrated load any point, when- 
ever the clear width between flanges exceeds times the thickness 
the web, and they shall spaced intervals about the depth 
the girder. End stiffeners shall provided carry the maximum 
end shear, including impact.” 

This method certainly very simple. For through plate-girders 
provision need made for intermediate stiffeners only attach the 
floor system the web, and between the floor beams, panel points, 
intermediate stiffeners are required, matter how long the panels 
are, how thin the web may be; whereas, the usual method pro- 
portioning, intermediate stiffeners are provided for through plate- 
girders, the same for deck plate girders. This leads frequently 
some curious results. writer has mind specification for 
prominent southern road which required intermediate stiffeners, 
so-called stiffener formula, spaced 2-ft. centers near the ends, 
and number through plate-girders were built accordingly, and are 
probably still being built according this specification. 
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